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ABSTRACT 


This report, in four volumes, is the final report of a twenty-week 
study conducted by Vought Missiles & Space Company for the Operations 
Analysis Branch, Manned Spacecraft Center (MSC),NASA, to generate 
improved techniques for scheduling major advanced programs. Study results 
directly support on-going and future programs within the National Aeronautics 
and Space Administration (NASA) as well as having application to any program, 
new or existing, under cognizance of the U. S. Government and its agencies 
where the techniques described herein may be utilized to estimate program 
milestone schedules. The basic technique is termed Time Estimating 
Relationships (TERs), where relationships are derived from statistical 
data to relate time to those technical parameters judged to be drivers in 
subsystem, system or total program scheduled development and delivery. 

In addition to TER development, this study also addressed, and has 
reported herein, a comparative baseline for the scheduling improvement 
effort. Included are; (1) a master schedule for developing an Advanced 
Space Transport Program, (2) the Work Breakdown Structure and Dictionary 
(work statement) for the Program, (3) the detail schedules developed by 
standard techniques for estimating design and development, and (4) the logic 
diagrams which identify principle tasks and their sequence. All efforts 
reported herein are keyed to the Work Breakdown Structure (WBS) developed 
for an Advanced Space Transport Program in accordance with NASA level 
designations. This Program is used as the baseline for the study effort and 
is representative of programs being considered by NASA for operations in 
earth-to-near earth space environments. 

The four volumes which contain the Final Report, under title of "Final 
Report, Scheduling Technique Improvement Study for Advanced Programs", 
are subtitled as follows: 

Vol. I - Surrimary 

Contains the final oral report presented to MSC 
covering the results of the entire study, including 
the TERs developed during the study. Contains, in 
addition, the objectives, approach and ground rules 
for generating the TERs, WBS Dictionary, Logic 
Charts, and Master and Detailed Schedules. The 
Work Breakdown Structure and Dictionary for the 
Total Program, for the Air Vehicle, for Integration 
and Assembly of Air Vehicle Stages and Payload, and 
for the Payload conclude this volume. A glossary of 
abbreviations, symbols and terms are included in the 
preamble to the text. 



Voi. n 


Stage II, Advanced Space Transport Program 


Contains Stage II Work Breakdown Structure 
Dictionary, Detail Schedules and Logic 
Diagrams. Stage II (a manned, reusable 
orbiting transport vehicle) is defined con- 
sistently to the 6th (Assembly) Level and 
to the 7th (Component) Level for certain 
subsystems. 

Vol. Ill - Stage I, Advanced Space Transport Program 

Contains Stage I Work Breakdown Structure 
Dictionary, Detail Schedules and Logic 
Diagrams, Stage I (a manned, reusable 
boost vehicle) is defined consistently to the 
5th (Subsystem) Level and to the 6th (Assembly) 
and 7th (Component) Levels for certain sub- 
systems. 

-Vol. IV - Ground Support, Test, Training, Investment, 
Management; Advanced Space Transport 
Program 

Contains the Work Breakdown Structure Dictionary, 
Detail Schedules and Logic Diagrams for the major 
program elements for the life-cycle program other 
than Air Vehicle, These elements are consistently 
defined at the 3rd (Project) Level and partially 
defined at the 4th (System), 5th (Subsystem) and 
6th (Assembly) Levels. 
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SECTION 1 


INTRODUCTION TO VOLUME IV 


This Volume contains the Work Breakdown Structure (WBS) Dictionary, 
Detail Schedules and Logic Diagrams for Blocks Z. 0 thru IZ. 0 of the Advanced 
Space Transport Program, introduced in Section 8 of Volume I to the Final 
Report. 

The Master Schedule for this Program, also introduced in Section 8 
of Volume I, is included here (Figure 0. 0-W-l)for both reference purposes 
and for correlation with Detail Schedules shown on Page 1 of each WBS 
Dictionary writeup, or to callouts to the Master Schedule where Detail 
Schedules are not provided. 

Blocks 2. 0 thru 12. 0 are 3rd Level Program elements shown on the 
‘top’ WBS for the Program (Figure 0. O-W-2), repeated here for reference 
purposes. 

For introductory data on the Work Breakdown Structure used for this 
study, for the top WBS Dictionary .(WBS ID 0. 0),, for Master and Detail 
Schedules, and for Logic Diagrams, the reader is referred to Volume I. 

Stage II data of a similar nature to that ’reported herein is contained 
in Volume II. Stage I data is contained in Volume III. 

Appendix A provides an Index to the Logic Diagram 'connectors’. 
Appendix B compares the Time Estimating Relationships (TERs) results 
contained in Volume I with certain Detail Schedule and Logic Diagram results 
contained in this Volume. The Glossary (List of Abbreviations, Symbols and 
Terms), introduced in Volume I, is repeated in this Volume as Appendix C. 
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FIGURE 0.0-W-l MASTER SCHEDULE 
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\/OU<BHT MI&SIL.ES 
ANCD SPACE COMPANY 


PROGRAM TITLE ADVANCED SPACE TRANSPORT 


PAGE 1 OF i. 


WBS N0._ 


PROGRAM 


TASK TITLE GND. COMM, CfoC, 

RECOVERY EQUIP. (PECU - 
LEVEL 3, Project Level LIAR) 


WBS DICTIONARY 


REQUIREMENTS 


Means are required to provide operating support to the two-stage reusable 
Space Transport Air Vehicle during launch, flight and recovery operations 
which are part of NASA’s Advanced Space Transport Program. The 
design missions for the Space Transport’s second stage (WES ID 1. 0, 1.3) 
are to deploy GFE payloads into baseline 100 nm due east circular orbits, 
or into reference 100 nm south polar circular orbits and reference 270 nm 
at 55 degree inclination orbits, and to retrieve GFE payloads from these 
orbits and return them safely to earth (WES Dictionary Element 0. 0, Para. 
IV). 

The operating ground equipment which satisfies the above requirements 
shall provide the following capability to the operational Space Transport 
Program and, in addition, shall provide the same support as required 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 


range equipment 



I ALL RANGE SUPPORT 
REQUIREMENTS DEFINED 


[ J I I j all CONTRACTOR SUPT. EQUIP. AVAIL. 
SURVEILLANCE IDENT & TRACKING SENSORS, COMMAND & CONTROL, 
■ COMMUNICATIONS, DATA PROCESSING MUIP.^LAUNCH EOUIP., 

I I recovery equipment, auxiliary EQUIP AVAIL. 


CONTRACTOR EQUIPMENT 
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during RDT & E: (1) surveillance, identification and tracking of all 
Space Transport flights in order to provide real time data on the 
location, altitude, heading and status of each Stage from liftoff to 
recovery, including ferry flights back to the turnaround facility; 

(Z) command and control over all launches, flights and recovery 
operations, including ferry flights; (3) communications with the 
Air Vehicle (Stage I and Stage II) and between operating support 
elements, including up-down voice and data links and the ground- 
to-ground transmission thereof including communications between 
interlinked ground systems needed to support operations; (4) data 
processing of all operational mission data, (checkout, launch, 
flight, recovery and post-flight data) in both real time and delayed 
processing as well as providing data storage and retrieval capability 
for use on future missions; (5) launch equipment required to provide 
status and monitor on launch operations as well as provide automatic 
portions of the launch countdown; (6) recovery equipment for normal, 
aborted and emergency landings including recovery forces, logistics 
support and recovery equipment; and, (7) auxiliary equipment required 
to support the various operating capabilities of the command, launch 
and recovery equipments. 

II. SYSTEM-LEVEL, DEFINITION 

Seven major elements define the peculiar Operating Ground Equipment 
(OGE) required to support the Space Transport Air Vehicle. These 
elements, denoted on Figure 2. O-W-3, cover design, development, 
manufacture and/or modification of new or existing components, modules, 
assemblies, subsystems and systems into prototype and operational 
configurations needed to satisfy the Advanced Sapce Transport Program's 
RDT & E, Investment and Operations phases. 

The WBS identification of Ground Communications, Command and 
Control, and Recovery Equipment (Peculiar) systems needed to support 
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ADVANCED 
SPAre TRANSPORT 
PROGRAM 


LEVEL 


3 


4 






\/'<DU<BHT MfSBft-KG 
•A, NO SPACE CC\/9PANY 


REQUIREMENTS TO BE DETERMINED 

FIGURE 2. O-W-3 WBS, GROUND COMMUNICATIONS, 

COMMAND & CONTROL, RECOVERY 
EQUIPMENT (Peculiar) (WBS ID 2. 0) 
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\ZOUOHT 

A NO SPACm OOh/IPANY' 


WBS CODE 2. 0 


the Advanced Space Transport Program is as follows: 

2,1 Surveillance, Identification and Tracking Sensors 

2. 2 Command and Control 

2.3 Communications 

2.4 Data Processing Equipment 

2. 5 Launch Equipment 

2.6 Recovery Equipment 

2. 7 Auxiliary Equipment 

Details on these systems are provided at lower levels of the WBS 
Dictionary. 


III. FUNCTIONAL DESCRIPTION 


At Phase C go-ahead, final design of the Air Vehicle and support elements 
will be initiated. Preliminary design is assumed to be completed (Phase 
B). Air Vehicle PDRs (WBS ID 5. 0) will be held to review Part I 
specifications of the Contract End Items (CEI’s) which each major air 
vehicle contractor, together with NASA, have defined. These will 
establish the air vehicle design which must be satisfied with CEIs 
Part II (WBS ID 1. 0). 

Following Air Vehicle PDRs, the system requirements analysis 
(WBS ID 5. 0) can be completed to identify the Operating Ground Equipment 
(OGE) required to support launch, flight and recovery of the Air Vehicle 
and its elements. At an appropriate point, PDRs can be held to review 
Part I specifications of the CEI's which each major ground support 
contractor, together with NASA, have defined. These will establish 
the OGE designs which must be satisfied with CEIs Part II (WBS ID 2. 0). 
Development tests, as required, will be conducted on single systems, 
or elements thereof, under WBS ID 2. 0. Integrated tests will be 
conducted under appropriate elements of WBS ID 4. 0, including acceptance 
thereof. Both prototype, modified, and production equipments will be 
fabricated or procured under WBS ID, 2. 0 and installed and tested under 
WBS ID 4, 0 (test programs) or WBS ID 7.0 (site activation, new). Spares 
will be provisioned under WBS ID 4. 0 for test programs or under WBS 
ID 9. 0 for Operations. Maintenance equipment required to maintain both 
the Air Vehicle and OGE are designated under WBS ID 3. 0 and 8. 0. 
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IV. DESIGN REQUIREMENTS 

The Advanced Space Transport Program Operating Ground Equipment 
(OGE) shall be designed to support Program requirements specified 
in WBS Dictionary Element 0. 0 and Air Vehicle requirements identified 
in WBS Dictionary Element 1. 0 and in lower levels thereto. Specific 
design requirements will be developed in Phase C and delineated on 
CEIs Part I. Preliminary design requirements for OGE are specified 
in lower levels of WBS ID 2. 0. 

V. TEST REQUIREMENTS 

Test requirements for OGE are specified under lower levels of WBS 
ID 2, 0. Generally, development tests of single components, modules, 
assemblies, subsystems and systems are conducted under the 
appropriate level of WBS ID 2. 0. Combined system tests needed to 
demonstrate adequacy of design and integration are conducted under 
WBS ID 4. 0. For new operational sites, installation and checkout 
tests are conducted under WBS ID 7.0. 

VI. REFERENCES 
(To be added. ) 
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ANO Sf=>ACE COMf^ANy' 


PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO.__£ii 

TASK TITLE SURVEILLANCE. TRACKIN G 
St IDENTIFICATION SENSOR ! 
LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


Means are required to maintain surveillance, tracking and identification 
of the Space Transport Air Vehicle during operational flights, from liftoff 
to stage separation and from separation through end of each stage's 
independent mission, including reentry and landing. The means shall 
support the Advanced Space Transport Program objectives (WBS Dictionary 
Element 0. 0) during development flight test - ferry flights, horizontal 
flights, and vertical flights - as well as flights in support of Space Transport 
operational missions. 

SUBSYSTEM LEVEL IDENTIFICATION ' - ' 

The elements which are required to satisfy the surveillance, identification 
and tracking sensor requirements consist of the following sub-system level 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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elements, as noted on Figure 2, O-W-3; 

2..1, 1 Global Range 

2.1.2 Range Software 

III. FUNCTIONAL, DESCRIPTION 

The Space Transport Air Vehicle is defined to consist of manned, reusable 
stages as described in WBS Dictionary Elements 0. 0, 1. 0, 1. 3 and 1. 4. A 
GFE payload is to be carried aboard Stage II (Orbital Vehicle) and deployed/ 
retrieved in space in accordance with mission requirements. During the 
test phase of the Program (WBS ID 4. 0), development flight tests will be 
independently conducted on each stage to verify ferry compability, horizontal 
cruise, and single element vertical launch capability, ^ Culmination of 
flight test will include mated flights to verify operational mission capability. 

At an appropriate point, IOC will occur- and enable 10-year operations to 
begin (see WDS Dictionary Element 12. 0). 

To support both flight test and operations, the Global Range which supported 
Mercury, Gemini, Apollo and other NASA and DoD launches, will be required. 
Modifications will need to be made to support the operational phase of the 
Advanced Space Transport Program, The illustration shown below (Ref. A) 
is indicative of the type of sensor support which will be required during 
early mated flights of the once-around or longer test missions to demonstrate 
capability to launch, orbit and reach a specified landing site in the CONUS. 

Differences between Apollo flights and Space Transport flights should result 
in a simpler requirement on the Global Range, since the Space Transport 
utilizes self-recoverable stages which land on conventional runways. The 
requirement for air transport type landings in the CONUS (or, in an emergency, 
outside the CONUS) will require, in addition to global range sensors, landing 
aids of the air traffic control nature (VOR, VORTAC, ILS, etc. ). These 
latter ground sensors are defined under WBS ID 2.3, Communications. 


^Current NASA planning calls for tie-down Static Firings, only, for ’ 
Single Element Vertical Flight Test. This is subject to review during 

Phase C/D. 
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o CotnmunlMtlons Only 
1* 30* Dual USBS 
*• 30* Single USBS 
• 85* Antenna 
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Basically, four types of ground sensors will be required. Augmentation 
of these by other sensors (navsats and ground-based military defense 
sensors, for example) may be initially required. The four basic types 
include: 

. Range Safety Sensors 
. Tracking Radars 
. Optical Sensors 
. Radio Frequency Sensors 

The following on-board navigation sensors are defined in the baseline 
concepts- of Stage II and Stage I which require ground interfaces for 
portions of each stage's independent mission. Communications sensors, 
listed in WBS Dictionary Element Z.3, also provide a means for surveillance, 
tracking and identification. 


On-Board Affected Stage Airborne Sensor 

Sensor II I ‘ Function 

Ground Sensor 
Function 

Unified S-Band X 

(USB) (WBS 
ID 1.3. 9. 2) 

Tracking, Data, 
Command, Voice 
Link 

Identification and 
Tracking Vehicle 
in Orbit 

(DME,VOR,ILS, X 
UHF Voice)^ 

E> 


(Crash Recorder X 
& Beacon)^** 

X ^ 


Air Traffic 
Control Trans- 
ponder (WBS 
ID 1.4. 9.2) 

X FAA & ATC 

Identification 

Monitor Vehicle 
Airborne Flights, 
Approach, Landing 

(Precision Rang- 
ing System Inter- 
rogator, UHF 
Voice )=J' 

X ^ 


* Communications & Navaids equipment (See WBS Dictionary Eleme,nt 2. 3) 
Emergency Communications, Crash Location (See WBS Dictionary Element 
2.3) 

^See WBS Dictionary Element 1. 3, 9 
^See WBS Dictionary Element 2, 3 

^See WBS Dictionary Element 1. 3. 9, 1, 3.10, 1. 4. 10. 4 
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Software required for ground sensors used in tracking and identifying 
Space Transport stages will need to be defined and provided, both from 
a basis of predicted flight paths as well as for statistical data as flights 
build up. 

IV. DESIGN REQUIREMENTS 

Based on the analysis which defines the specific requirements for ground 
(and space, if applicable) sensors to support both test flights and operational 
flights of the Space Transport Air Vehicle (WBS ID 5.0), sensors must be 
provided which effectively maintain surveillance of, provide tracking of, 
and provide positive identification of each stage of the Air Vehicle, In some 
cases, present positioning of these sensors may not prove to be effective, 
requiring either repositioning or new positioning (new sensors). Examples 
may include polar missions where current sensors of the CONUS defense 
nature are not completely compatible and either require modification or 
augmentation to satisfy mission requirements. Design data is thus dependent 
on vehicle profile, location, mission frequency, etc. to establish specific 
requirements for the ground-based surveillance, tracking and identification 
sensors. During development of the airborne vehicles, analysis of the 
interface will establish support requirements which, through PDR and CDR, 
will permit sensor requirements to be implemented in equipments (hardware 
and software) which can be tested during vehicle development and test to 
enable IOC to be achieved. 

V. INTERFACES 

Surveillance, tracking and identification sensors basically interface with 
the Air Vehicle (WBS ID 1.0) and its stages (Stage II, WBS ID 1.3; Stage I, 

WBS ID 1. 4). An interface will also exist with certain Air Vehicle payloads 
(WBS ID l.E). Ground-to-ground interfaces will exist with other sensors 
within WBS ID E.l, with Command and Control (WBS ID 2. E), with support 
Communications (WBS ID 2, 3), with Data Processing (WBS ID 2. 4), with 
Launch Equipment (basically Range Safety, WBS ID 2. 5) , and with Recovery 
(WBS ID 2. 5). Program peculiar sensor equipment which requires maintenance 
support from Advanced Space Transport Program GSE will interface with 
WBS ID 3, 0/8. 0. Other Program interfaces will include WBS ID 5. 0, 
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System /Program Management; WBS ID 4. 0, Systems Test and Evaluation; 
WBS ID 6. 0, deliverable Data; WBS ID 7. 0, Operational /Site Activation 
(new sites installed only for Operations; others required for test and 
operations are installed under WBS ID 4, 5, 4. 6 and 4. 7); WBS ID 10. 0, 
Training; WBS ID 11. 0, Logistics Support Industrial Facilities; and WBS 
ID 12. 0, Operations and Services. 

VI. REFERENCES 

A. MSFC-MAN-506, Saturn V Flight Manual, SA 506, NASA, 

25 February 1969 

(Others to be added. } 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS'NO 2. 2 

TASK TITLE COMMAND AND CONTROL 


LEVEL 




WBS DICTIONARY 


REQUIREMENTS 

Means are required to implement and conduct command and control over 
test and operational flights of the manned, reusable, two-stage Space Trans- 
port Vehicle. These flights will occur during Phase C/D of the Advanced 
Space Transport Program in accordance with the requirements established 
in WBS Dictionary Elements 0. 0, 1,3, 12, 0 (Levels I, 11 and III requirements 
and the Space Transport Traffic Model). The means will he required for 
launch control, mission control and recovery control and shall provide 
needed software for both automatic and manual phases of each mission as 
applicable. 

SUBSYSTEM-LEVEL DEFINITION 

The elements which comprise Command and Control support to the test and 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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operational missions of the Space Transport Air Vehicle and required 
support elements are basically profile sensxtve. These elements include 
(see Figure 2. O-W-3): 

2.2.1 Launch Control 

2.2.2 Mission Control 

2.2.3 Recovery Control 

2, 2. 4 Command and Control Software 

III. FUNCTIONAL DESCRIPTION 

During flight test of the Space Transport Air Vehicle stages (Stage II, 

WBS ID 1. 3; Stage I, WBS ID 1. 4), command and control will be required 
to verify readiness for ferry flight tests, horizontal cruise flight tests, 
single element vertical flight tests, and mated flight tests (WBS ID 4. 0). 

■ Inasmuch as Program objectives call for manned stages with both on-board 
checkout and automatic /manual flight mode capability. Command and Control 
(C & C) will he needed basically to ensure takeoff (or liftoff) readiness 
(ground complex, crew readiness, range readiness, etc. ) and preparedness 
for and conduct of mission and recovery support. For operational flights, 

C & C responsibility will be similar to that of flight test but will be expanded 
for Stage II because of the Payload interface (WBS ID 1. 2) and the interface 
with the space mission (space base, space station, free space payload 
depl oyment / r etr ie val ) . 

Accordingly, the following types of C & C are required as a function of a 
typical operational mission. Hardware and software requirements will be 
defined in Phase C/D as a function of these functional requirements (see 
WBS Dictionary Element 5, 0): 
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OPERATIONAL MISSION 
PHASE 

C & C CONTROL 
REQUIRED 

C & C FUNCTIONS 

. Launch 
(Continued) 

. Launch Control 

. Handle countdown 
and launch (ground 
functions 

. Maintain ground 
control 

. Interface with crew 
for on-board launch 
functions 
. Verify Mission 
Control & Recovery 
readiness 
, Acquire data 


. Statistical 
Launch Data 
Utilization 

. Software inputs to 
all C & C functions 
on previous missions 
to assist in Launch- 
ing current vehicle 


. Pad Safety 

, Monitor vehicle and 
ground functions 
during countdown to 
ensure safe launch 
. Handle pad aborts 
. Acquire data 

, Mission 

. Mission Control 

. Maintain ground-to- 
air and ground-to- 
ground data links 
with stages of Air 
Vehicle, target 
vehicle (if applicable), 
ground sensors, 
launch control, 
recovery control 
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OPERATIONAL MISSION 
PHASE 

C & C CONTROL 
REQUIRED 

C & C FUNCTIONS 

. Mission 
(Continued) 

. Mission Control 
(Continued) 

. Support normal 
missions as required 
. Control emergency 
conditions 
. Acquire data 


. Statistical Mission 
Data 

. Software inputs to 
C & C functions on 
previous missions 
to assist current 
mission 

. Recovery 

. Recovery 
Control (Normal 
Missions, 
Emergency 
Landing s ) 

. Meteorological Data 
at landing site and 
approach corridor 
. Landing Site and 
support status 
. Voice data on status 
for crew 
. Landings 
. Acquire Data 


. Statistical 
Recovery 
Data 

. Software inputs to 

C & C functions on 
1 

previous recoveries 
to assist current 
mission 


^ Both stages are manned for this Program. 

Portions of countdown are conducted on board. Ground functions include 
pre-conditioning tanks, loading expendables on board, handling automatic 
launch sequencing. See WBS ID 2. 5 for Launch Equipment. 

Normal landings on conventional airports will be under FAA and Air 
Traffic Control direction. Landings at military bases will be under FAA 
and military base control. Emergency landings control is emergency 
dependent. See WBS ID 2. 6 for Recovery Equipment. 
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Flight test modifications to the above C & C functions will be required 
because of the need to acquire telemetry data and to monitor and control 
emergencies which may arise. 

IV. DESIGN REQUIREMENTS 

Equipments required to meet the command and control functions will be 
identified in Phase C/D analysis, PDRs and CDRs and will consist of 
either existing equipment (such as for Apollo missions), modified existing 
equipment, or new equipment. In addition to the analysis which defines 
the hardware and software requirement, site locations of.the needed 
equipments and software also requires definition. Part I specifications of 
CEIs will be developed and reviewed during the design and development 
phase of the Advanced Space Transport Program. Solutions thereto will 
determine whether the requirements are satisfied by GFE and/or CFE 
hardware. Software is expected to be basically new. 

V. INTERFACES 

Command and Control interfaces with all other elements of the ground 
support system (WBS ID 2. 0), with the Air Vehicle (WBS ID 1. 0), with 
peculiar and common GSE (WBS ID 3. 0/8. 0), with Systems Test and 
Evaluation (WBS ID 4. 0), with System /Program Management (WBS ID 5. 0), 
with deliverable Data (WBS ID 6. 0), with Operational /Site Activation for 
new operational sites (WBS ID 7.0), with Initial Spares and Repair Parts 
(WBS ID 9. 0), with Training (WBS ID 10. 0), with Industrial Facilities for 
any production, inventory or logistics support requirements of an industrial 
facility nature (WBS ID 11. 0), and with Operations and Services (WBS ID 
12 . 0 ). 

VI. REFERENCES 
(To be added) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 2. 3 

TASK TITLE COMMUNICATIONS 


LEVEL 


4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to communicate with the manned, reusable two-stage 
Space Transport Air Vehicle during test and operational missions and to 
communicate between ground support elements in support of test flights 
and operational missions. The ground-to-air and air-to-ground ground 
links shall be compatible with the airborne sensors. Program require- 
ments are specified in WBS Dictionary Element 0. 0. Stage II and Stage I 
requirements are specified in WBS Dictionary Elements 1. 3. 9 (Stage II 
Communications and Navaids) and 1. 4. 9 (Stage I Communications and 
Navaids). GFE Payload requirements are to be determined (see WBS 
Dictionary Element 1, Z). 


TASK SCHEDULE MILESTONES 
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II. SUBSYSTEM-LEVEL DEFINITION 

Elements of support Communications are basically profile dependent and 
are subject to specific requirements established for both test and operational 
missions. These elements include (see Figure 2. 0-"W-3): 

2.3.1 Launch Communications 

2.3.2 Mission Communications 

2.3.3 Recovery Communications 

2.3.4 Communications Software 

III. FUNCTIONAL DESCRIPTION 

Ground-to -vehicle communications are established while the stages are on 
the ground (airport apron, launch pad) via intercom connectors located at 
accessible points on the stages. This will enable voice and data communica- 
tions between ground personnel/equipments and the vehicle if power is on 
the vehicle and if the flight crew or on-board ground personnel are control- 
ling vehicle function (see WBS Dictionary Elements 1.3.9 and 1. 3, 11 for 
Stage II and 1. 4. 9 and 1. 4. 11 for Stage I, these being the communications, 
navaids and controls and displays elements of each vehicle). In addition 
to hardwire communications capability, antennas on board each stage 
enable checkout to be conducted on the ground with RF, Ranging and Voice/ 
Data on-board communications and navaid links using ground antenna couplers 
and hardwire /RF links. 

The following tabulates, by Stage, the on-board communications and navaids 
which will require support Communications for launch verification, missions 
and recovery, including any post-flight requirements such as readiness for 
crew /passenger exiting, ground power and cooling connected, etc. (See WBS 
Dictionary Element 2.1 for Tracking /Identification sensors carried on board). 
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ON-BOARD AFFECTED STAGE 

AIRBORNE SENSOR 

GROUND SENSOR 

SENSOR 

II 

I 

FUNCTION 

FUNCTION 

Unified S- 

X 


Tracking, Data, 

Tracking, Data, 

Band (USB) 



C omm and, V oic e 

Command, Voice 

Transponders, 
Antennas (WBS 
ID 1. 3. 9. 2) 



Link 

Link 

UHF Trans- 

X 

X 

2 -way voice with 

2 -way voice with 

ceivers, 



airport for land- 

vehicle for land- 

Antennas 
(WBS ID 
1.3.9. 2, 
1.4. 9. 4) 



ing 

ing 

Crew Head- 

X 

X 

2 -way voice with 

2 -way voice with 

sets, Micro- 



ground crew 

flight crew or on- 

phone, Inter- 



(pre-, post- 

board service 

com (WBS ID 

1.3. 9. 2, 1.3.11.5, 

1.4. 9.4. 1.4.11.4) 



flight) 

personnel 

DME Sets, 

X 


LOS Range to 

LOS Range 

Antennas (WBS 



VORTAC 

response to 

ID 1.3. 9. 5) 



stations for 

vehicle (VOR TAG 




approach 

stations) 

IDS Receivers, 

X 


Localizer Beam 

Transmit ILS 

Antennas (WBS ID 



and Glide Slope 

signals to 

1.3. 9.5) 



for approach & 
landing 

vehicle . 

VOR Receivers, 

X 


Determine bearing 

Transmit VOR 

Antennas (WBS 



to fixed ground 

signals for vehicle 

IS 1. 3. 9.5) 



points for approach 

approach 

Ranging Sets 

X 


Precision ranging 


(WBS ID 



(S-band) with tar- 


1.3. 9. 3) 



get for rendezvous 
and docking 


Precision Rang- 


X 

Obtain precision 

Transmit PRS 

ing System (PRS) 



range for approach 

signals (S-Band) 

Interrogator, 
Antennas (WBS 
ID 1.4. 9. 3) 


Z4 

and landing 
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ON-BOARD 

AFFECTED STAGE AIRBORNE SENSOR 

GROUND SENSOR 

SENSOR 

II 

I 

FUNCTION 

FUNCTION - 

Crash Re- 

X 

X 

Emergency, vehicle 

Home on beacon 

corder & 



location/ data 

for rescue /re- 

VHF Trans- 




c every function 

mitter 




(emergency) 

Telemetry, 


X 

Transmit T/M 

Receive T /M 

S-Band 



data 

data 

(Flight Test 





Only) 





Passive, 

target vehicle 


To be identified 



The ground to vehicle and ground-to~ground links required for launch will 
be dependent on launch site configuration. If KSC is used for launch, existing 
capability should exist, with modifications required to suit the Space Transport 
Program needs. The same will apply to Global Range Communications 
illustrated by the figure shown on the next page (Typical Apollo Communications 
Network Configuration, Reference A). 

IV. DESIGN REQUIREMENTS 

Specific design requirements for the Space Transport support Communications 
will be defined from the requirements analysis. Part I Specification, PDRs, 
Part II Specifications and CDRs which are part of the final design and develop- 
ment phases of the Advanced Space Transport Program (Phase C/D). If 
existing equipment, or modifications thereto will suffice, then the design 
task will be one of definition supplying mod kits, and providing integration 
to meet test flight schedules. If new requirements must be satisfied resulting 
in new design (such as new launch sites, new mission sites and/or new 
recovery sites) considerable design effort may be required. The resultant, 
in either case, must provide compatibility with the vehicle, with supporting 
ground elements and with Program objectives. 
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BREWSTER 

FLATS 


12 V/D-4TTY 


5 V/D-2TTY 


6 V/D-2TTY 


5 V/D-2TTY 


5 V/D-2TTY 


6 V/D-2TTY 


1 V/D-ITTY 


5 V/D-2TTY 


1 V/D-lTTY 


1 V/D-lTTY 


1 V/D-2TTY 
3 V/1>2TTY 
1 V/D~2TTY 
5 V/D-ZHY 
1 V/D-mY 


12 V/D-4TTY_ 

1 V/P-2TTY 
1 V/D-2TTY 
6 V/D-2TTY 
5 V/D-2TTY 
3 V/D-2TTY 
S V/D-2TTY , 
5 V/D-2nY 

5 V/D-2TTY 
3 V/D-2TTY 
1 V/D-lTTY 
3 V/D-2TTY 

6 V/D-2TTY 
1 V/D-lTTY 


lANDOVER^ 


' Tv/^inr 

' LEGEND 


INTELSAT 


V V.HY 4-1 

V,llY,HbU N 


nv 


HBD 


V-TTY 


V,TTY.H$D.HBD,TV 

(lief) 


ALDS HSD,W8D,TV 

V.TTY.HSD 
CDSC/KSC V,TTY.HSD.WBD 



V 

= VOICE 


V/D 

= VOICE DATA 

iH 

HSD 

= HIGH-SPEED DATA 


WBD 

= WIOE-BAND DATA 

KAFS 

TV 

= TELEVISION 

V 

AOS 

= ATLANTIC OCEAN 

TTY 


SHIPS 

IWBD los 

= INDIAN OCEAN 



s SHIPS 

ETR 

POS 

= PACIFIC OCEAN 



SHIPS 


TTY 

= TELEHPE 


1. NASCOH Interface points for ships and 
aircraft are mission dependent. 

2. Additional V/D and TTY circuits between 
GSFC and centers are "augmented as re- 
qu1 red. 

3. Communications circuits as shown exist 
at this time or will be available for 
missions as required. 

4. Circuit routing Is not necessarily as 
indicated. 

5. Voice Data Network to and from the Apollo 
USB stations will be configured with us- 
age as indicated 

a. Net #1 Mission Conference 


b. Net #2 Biomed Data 

c. Net #3 Network H & 0 

d. Net #4 Telemetry Data/Command Data 
(USB) 

e. Net #5 Tracking Data (USB) 

6. One additional voice data circuit will be 
available to each Apollo station equipped 
with an 85' antenna and to Bermuda for 
high-speed tracking data. 

7. Apollo stations and ships connected to 
GSFC via Intelsat can receive at all 
times, regardless of nuntier of stations 
or ships. Only two stations or ships 
can transmit at a given time via each 
Intelsat. 

8. Apollo ship may be assigned to any of 
these areas. 
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V. INTERFACES 

Support Communications interfaces with all other ground elements (WBS 
ID 2. 0, 3. 0/8. 0) as well as with the Air Vehicle and its elements (WBS 
ID 1. 0). Other Program interfaces include Systems Test and Evaluation 
(WBS ID 4. 0), System/Program Management (WBS ID 5. 0), deliverable 
Data (WBS ID 6,0), new Operational /Site Activation (WBS ID 7.0), Initial 
Spares and Repair Parts (WBS ID 9. 0), Training (WBS ID 10. 0), 
Production, Inventory and Logistics Support Facilities (WBS ID 11. 0), 
and Operations and Services (WBS ID 12. 0). 

VI. REFERENCES 

A. MSFC -MAN-5 06, Saturn V Flight Manual, SA 506, NASA, 

25 February 1969 

(Others to be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT WBSNO. 2.4 

PROGRAM TASK TITLE DATA PROCESSING 

EQUIPMENT 

LEVEL 4, System Level 

WBS DICTIONARY 

I. REQUIREMENTS 

Means are required to condition and display real time and delayed processing 
data received from the launch, missions and recovery of the manned, re- 
usable, two-stage Space Transport Air Vehicle and its support equipment 
during the Operations phase of the Advanced Space Transport Program. In 
addition, similar functions are also required during flight test. 



The means shall consist of data processing equipment such as computers, 
peripheral equipment and software and shall include or interface with 
data links needed to receive data from remote sources and the means to 
process and transmit such data to the user in both real time and in delayed 
reporting. In addition, the means shall also provide a statistical data library 
of previous tests, test flights and operational missions for use in current and 
future mission. The contents of this library, reporting format, and 
dissemination needed are to be determined. 
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II, SUBSYSTEM-LEVEL DEFINITION 

Elements which form the Data Processing Equipment are mission profile 
sensitive and account for both vehicle data and ground support data and 
necessary processing software. The equipments and software noted below 
are applicable to both test and operations. See Figure 2. O-W-3 for WBS. 

2. 4, 1 Launch Data Processing Equipment 

2. 4. 2 Mission Data Processing Equipment 

2. 4. 3 Recovery Data Processing Equipment 

2.4.4 Data Processing Software 

III. FUNCTIONAL DESCRIPTION 

Both Stage II (Orbiting Vehicle) and Stage I (Boost Vehicle) are defined to 
have on-board data management subsystems capable of conducting pre- 
launch checkout and automatically conducting the Space Transport missions 
from liftoff to touchdown. Stage II carries the GEE payloads which form 
the Space Transport’s missions as noted m WBS Dictionary Elements 0. 0, 1. 2, 
1,3 and 12. 0. Accordingly, the majority-of data *ge aerated during a typical 
mission will be recorded on-board and will require processing following 
stage landings (each stage lands similar to a conventional transport aircraft). 

In addition to on-board data processing and storage, a capability will also 
exist in each stage for transmitting voice and flight data via the communica- 
tionlinks noted in WBS Dictionary Element 2. 3. Such data and two-way 
voice must be ground-processed for use by Command and Control during 
the mission and recorded on the ground for analysis and evaluation following 
a mission. 

Launch data will result from pre -launch checkouts, countdowns and launches. 
Recovery data will result from both normal and emergency landings and 
will include data resulting from the landing itself (both Stage II and Stage I) 
such as that provided in support of landings (ground transponders, air 
traffic control, purge and safing, ferry flights, post-flight maintenance). 
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Typical types of data gathered in support of missions which will require 
conditioning, processing, storage, handling and dissemination include: 

. Voice messages (air-to-ground, ground-to-air, ground-to-ground) 

. Data transmission (air-to-ground, ground-to-air, ground-to-ground) 

. Photographic data (basically launch and recovery, although 

photographic data gathered in-flight will also require processing 
and dissemination, especially that gathered for test and for 
emergency) 

. Tracking data 

. Logistics support data (consumables utilization, spares, re- 
furbishment, support aircraft utilization, etc, which establishes 
statistics required for future needs) 

. Failure data/repair data (to support reliability, maintainability 
and safety program needs) 

, Vehicle subsystem performance data 
. Crew data (human factors statistics) 

. Payload support data (interfaces with the Space Transport Program) 

Data processing software needed to support data processing will include 
real time software, delayed transmission and reporting software, and 
data retrieval software for statistical data collected from past tests and 
missions to support current mission requirements (see WBS Dictionary 
Element 2.1 and 2.2), 

DESIGN REQUIREMENTS 

The Data Processing Equipment required to support the Advanced Space 
Transport Program will be existing, modified or new as determined in the 
system requirements analysis which generates Program needs (WBS ID 5.0). 
If modified or new equipment and software are required, they will be 
specified and developed per Part I CEI specifications during Phase C/D, 
resulting in PDRs, Part II specifications, CDRs and procurement in time 
to meet flight test program requirements, WBS ID 4.0 specifies areas 
where data processing is required for test purposes. Following completion 
of test and qualification acceptance of the vehicle and all support elements, 
IOC will occur enabling 10-year operations to begin. Specific requirements 
on Data Processing will thus be specified in Phase C/D and in the Operations 
Plans which form the basis for operations. 
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V. INTERFACES 

Support Data Processing Equipment will interface with the stages of the 
Space Transport Air Vehicle through the on-board Data Management 
Subsystems (WES ID 1. 3. 10 and 1. 4.10) for pre-flight and post-flight 
data processing. For in-flight air-to-ground and ground-to-air voice 
and data resulting from launch, missions, and recovery, the vehicle 
interfaces are WBS ID 1. 3. 9 and 1. 4. 9 (Communications and Navaids 
Subsystems), the ground interfaces are WBS ID 2,1 (Surveillance, Tracking 
and Identification), 2,2 (Command and Control) and 2.3 (Communications). 
Interfaces will also exist with WBS ID 2. 5 (Launch Equipment) and 2. 6 
(Recovery Equipment). Interfaces with maintenance will exist through 
WBS ID 3, 0/8, 0. Interfaces with test phases of the Program will exist 
through WBS ID 4. 0. Other Program element interfaces include WBS 
ID 5, 0 (System /Program Management), WBS ID 6. 0 (deliverable Program 
Data, not test and mission data), WBS ID 7. 0 ( new Operational/Site 
Activation), WBS ID 9. 0 (Initial Spares and Repair Parts), WBS ID 10. 0 
(Training), WBS ID 11. 0 (Inventory and Logistics Support Industrial 
Facilities), and WBS ID 12. 0 (Operations and Services). 

VI. REFERENCES . 

(To be added) 
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PROGRAM TITLE AI 


JCED SPACE TRANSPORT 


PROGRAM 


_ WBS NO. 2. 5 : 

_1 TASK TITLE LAUNCH EQUIPMENT 


LEVEL 


'•stem Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to launch the Space Transport Air Vehicle for both 
operational and test missions in support of the Advanced Space Transport 
Program objectives {WBS Dictionary Elements 0. 0, 4. 0 and 12. 0). The 
means shall consist of ground equipments, launch tower, automatic sequencer 
and necessary software. Auxiliary equipment of a general purpose, multi- 
usage nature is provided under WBS ID 2.7. The means shall be compatible 
with the less-than-two-week turnaround objectives specified in WBS 
Dictionary Element 0. 0. The location of the equipment will be either 
Kennedy Spacecraft Center (KSC), Western Test Range (WTR), or an inland 
site. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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II. SUBSYSTEM-LEVEL DEFINITION 

As specified in the baseline concept for the Advanced Space Transport 
Program, the Launch Equipment will be minimal under the concept of 
maximizing on-board capability for vehicle (Stage II, Stage I) checkout 
prior to a launch and conduct of the launch, itself. The stages are 
manned (see WBS Dictionary Elements 1. 0, 1.3, 1,4) and provide on- 
board data management subsystems for pre -launch Interrogation and 
display /transmission of vehicle status. Accordingly, the launch equip- 
ment, noted below, provides the ground elements needed for countdown 
and launch as support to on-board capability (see Figure 2.0-W-3). 

Z. 5.1 Status and Monitor Consoles 

2.5.2 Automatic Checkout Equipment 

2.5.3 Launch Umbilical Tower (Mobile) 

2.5.4 Launch Software 

III. FUNCTIONAL DESCRIPTION 

The baseline concept for launching the Space Transport Air Vehicle 
includes use of a mobile launch umbilical tower similar to that used to 
launch Saturn V. Mating of the stages, with the payload aboard Stage II, 
is performed in a vertical assembly building with the Vehicle resting on, 
and constrained to, the launch \imbilical tower. Movement to the launch 
pad considers use of a crawler /transporter (WBS ID 2.7). A launch 
control center will provide necessary status and monitor consoles to 
handle countdown requirements including automatic sequencer functions, 
final countdown being handled on board. Command and control will be 
under the Launch Director (WBS ID 2. 2.1). 

1 

The illustration on the following page (Ref. VI. A) shows Launch Complex 
39 at KSC, considered to be typical for launching the Space Transport Air 
Vehicle. 


33 



Typical equipments required in the launch control center (LCC) will include 
ground power control, status and monitor; LO 2 loading control, status and 
monitor; IjH 2 loading control, status and monitor; nitrogen purge control, 
status and monitor; GH^ control, status and monitor; helium control, status 
and monitor; and automatic sequencer. (Command and control consoles in 
the LiCC are covered under WBS ID Z. 2.1 (launch control, range safety, 
pad safety); Data Processing equipment is covered under WBS ID 2.4; 
Communications^ equipment is covered under WBS ID 2. 3. ) 

The mobile launch umbilical tower will provide the tower structure and 
mobility, launcher base, launcher pedestal, and swing arms: Equipments 

needed on the tower or in the pad area to support the launch are defined 
under WBS ID 2.7. 
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The launch corridors for the Space Transport Air Vehicle are superimposed 
on the Saturn azimuth limits shown on the following sketch and are indicative 
of launch corridors for the Space Transport Air Vehicle. This sketch, for 
Saturn, notes Range Safety limits which are not specifically applicable to 
the Space Transport Program, the stages each being manned, although 
Range Scifety constraints must still be observed. This interface will need 
to be worked out during Phase C/R. 
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Activation of the launch site will be conducted under WBS ID 4. 7, if an 
existing or new site is used for test, or under WBS ID 7. 0 if a new site 
is required for operations. During Phase C/D, the specific launch 
equipment will be finalized, including launch site definition for both test 
and operations. 

IV. DESIGN REQUIREMENTS 

Launch equipment required to launch the Space Transport Air Vehicle will 
be either existing, modified or new based on the system requirements 
analysis completed under Phase C/D (WBS ID 5, 0). These requirements 
will result in Part I specifications for peculiar launch equipment. Based 
upon PDR reviews. Part II specifications will resolve whether equipments 
(consoles, automatic checkout, mobile launch umbilical tower and software) 
are to be existing, modified or new. CDR's will review these decisions to 
enable procurement to proceed, including installation and checkout for test 
launches (WBS ID 4.7). Specific design requirements will be stated on Part 
I specifications when generated, 

V. INTERFACES 

Launch equipment and launch software interface primarily with the Air Vehicle 
■(WBS ID 1. 0) through hardlines, physical interfaces, and through Auxiliary 
Equipment (WBS ID 2.7). Interfaces with other operating ground equipment 
(OGE) include Command and Control (WBS ID 2.2), Communications (WBS ID 
2.3), Data Processing (WBS ID 2.4), and Surveillance, Tracking and Identifi- 
cation (i. e.. Global Range) Sensors (WBS ID 2.1). Other Program interfaces 
include WBS ID 3. 0/8. 0 (maintenance of OGE), WBS ID 4. 0 (Systems Test 
and Evaluation), WBS ID 5. 0{Sy stem /Program Management), WBS ID 6. 0 
(deliverable Data), WBS ID 7. 0 (Operational /Site Activation, new sites), 

WBS ID 9. 0 (Initial Spares and Repair Parts), WBS ID 10. 0 (Training), WBS 
ID 11. 0 (affected Industrial Facilities), and WBS ID 12. 0 (Operations and 
Services). 

VI. REFERENCES 

A. MSFC -MAN-5 06, Saturn V Flight Manual, SA 506 , NASA, 

25 February 1969 

(Others to be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE 1 OF 4 

WBS NO. 

TASK TITLE RECOVERY EQUIPMENT 


level 


rstem Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to support normal and emergency recovery Of both 
Stage II and Stage I following an operational mission, following a mated 
flight test and following single element flight tests. The means are required 
in support of the Advanced Space Transport Program objectives (WBS 
Dictionary Element 0. 0). To satisfy this requirement, the means shall 
consist of emergency recovery forces, logistics support, recovery equipment 
and recovery software. Additional recovery support of a maintenance nature 
will be provided by WBS ID 3, 0/8. 0 equipment as specified in WBS Dictionary 
Elements 3. 0 and 8. 0. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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II. SUBSYSTEM-LEVEL DEFINITION 

The subsystem -level elements which form the Recovery Equipment 
system are based on the major functions required for support of Stage 
recovery, both stages possessing on-board capability for automatic 
and manual landings. These elements are (see Figure 2. O-W-3): 


2.6.1 

Recovery Forces (Emergency) 

2.6.2 

Logistics Support 

2.6,3 

Recovery Equipment 

2.6.4 

Recovery Software 


III. FUNCTIONAL DESCRIPTION 

Each stage of the baseline Space Transport Air Vehicle (WBS ID 1, 0) 
is a manned, reusable vehicle capable of either automatic or manual 
landings on conventional airport runways similar to landings by 
conventional military and commercial transport type aircraft. Accordingly, 
normal landings will require minimal Operating Ground Equipment (OGE) 
support. In the event emergencies occur, there will be a requirement for 
recovery forces such as air-sea rescue provided by USAF or provided 
by CAA. For safe and purge operations, crew needs, payload needs, 
and data handling needs following either a normal or emergency landing, 
equipments defined under WBS ID 3. 0/8. 0 will be required. Logistics 
support for recovery is concept dependent. Stage II, under baseline 
requirements, may or may not have air-breathing engines and sufficient 
fuel tank capability aboard to enable ferry flight to the turnaround facility. 

In this event, logistics support will be required to deliver necessary GSE, 
ferry kits, possibly jet fuel, necessary back-up crews, necessary spares 
and refurbishment items, etc. 

For emergency recoveries in addition to or in lieu of the above, certain 
emergency equipments may also be required. 

Accordingly, recovery equipment (and software required to define needed 
equipments, procedures and support) is defined to include Emergency 
Recovery Forces (such as Air-Sea Rescue), Logistics Support (aircraft. 
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jet fuel, gaseous nitrogen for purge requirements, data handling and storage, 
and spares and refurbishment items), and Recovery Equipment (Emergency 
equipment, ferry kits, etc. ). Recovery software will include any software 
needed to support the Recovery operations as determined by Command and 
Control (WBS ID 2. 2). 

IV. DESIGN REQUIREMENTS 

Specific design requirements for Recovery Equipment will be defined in 
CEI Part I's for the equipments and software needed- to support Recovery, 
both in the flight test and operational phases of the Advanced Space Transport 
Program. The equipment will be existing, modified or new. Following 
PDRs on Ope rating Ground Equipment (OGE), design will determine the Part II 
• specifications (existing, modified or new), review these in CDRs and procure 
the necessary capability so that Recovery Equipment will be available to 
support the flight test program when required (see WBS ID 4, 0). Operational 
needs will be based on the Operations Plan (WBS ID 5. 0), modified as 
required by actual flight test experience. 

V. INTERFACES 

Recovery Equipment basically interfaces with each stage of the Space 
Transport Air Vehicle according to each stage's unique support requirements 
(Stage II, WBS ID 1.3; Stage I, WBS ID 1. 4). Payload recovery support is 
to be determined (WBS ID 1. 2), but may be treated as part of Stage II for 
both normal and emergency recoveries. An interface also exists with 
WBS ID 3. 0/8. 0 for transport of purge and safing equipment to alternate or 
emergency landing sites as well as maintenance of the Recovery Equipment, 
itself. An interface will also exist with transport of backup crews needed 
for ferry flights. Other program interfaces include WBS ID 4. 0 (Systems 
Test and Evaluation), WBS ID 5, 0 (System /Program Management), WBS 
ID 6. 0 (deliverable Data), WBS ID 7. 0 ( new Operational /Site Activation), 

WBS ID 9. 0 (Initial Spares and Repair Parts, both for transporting these 
for Recovery as well as spares needed for the Recovery Equipment, itself). 


40 





\/OU<BHT MISSil-EiS 
AND &PADE CDMPANY 


WBS CODE 2. 6 


P 4 OF 4 


WBS ID 10. 0 (Training), WBS ID 11. 0 (Inventory and Logistics Support 
Industrial Facilities), and WBS ID 12. 0 (Operations and Services). 

VI. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT WBSNO. 2.7 


TASK TITLE AUXILIARY EQUIPMENT 


LEVEL 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to support the various operational capabilities of the 
command and launch equipments needed for the test and operational phases 
of the Advanced Space Transport Program. The means shall consist of 
general purpose /multi-usage ground equipment as defined herein. 

SUBSYSTEM -LEVEL DEFINITION 

The Space Transport Air Vehicle will be launched in a vertical mode and land 
in a horizontal mode similar to landings by conventional military or 
commercial transport type aircraft. Accordingly, the major requirement 
for auxiliary equipment is for equipment required to support launches of the 
Air Vehicle at launch sites to be located at Kennedy Space Center (KSC), at 
Western Test Range (WTR), or at an inland site. The subsystem level 


TASK SCHEDULE MILESTONES 
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definition for Aiixiliary Equipment is, therefore, as follows: 

2.7.1 Launch Support Equipment 

It is assumed that similar equipment at the recovery site is not peculiar, 
i.e. , IS existing and does not require specific definition other than in 
service manuals already existing. If this assumption is incorrect, then a 
second element will require definition and subsequent configuration 
specification during Program Phase C/D, i.e. 

2.7.2 Recovery Support Equipment 


III. FUNCTIONAL DESCRIPTION 


The auxiliary equipment needed to support the launch of the Space Transport 
Air Vehicle is basically that equipment located on or in the vicinity of the 
launch umbilical tower (see WBS Dictionary Element 2.5). The Air Vehicle 
consists of two stages, each manned, which are mated in a vertical 
assembly building, then checked and delivered to the launch pad on the 
mobile launch umbilical tower using a crawler /transporter, similar to the 
concept used to launch Saturn V. The unique shapes of the stages requires 
an umbilical tower which allows freedom for the aerodynamic surfaces to 
clear the tower during launch, allows ingress and egress of flight crew and 
passengers, allows access to the payload bay of Stage H, and provides count- 
down support such as cryogen loading, ground power (hydraulic, electrical), 
ground communications, tank purging, , venting, pressurization gas loading, 
etc. (see WBS Dictionary for Air Vehicle (WBS ID 1.0), for Payload (WBS 
ID 1.2), for Stage II (WBS ID 1. 3) and for Stage I (WBS ID 1.4)). 


A baseline list of typical auxiliary equipment is tabulated below to identify 
the interface which requires the equipment. This list is tentative and will 
be firmed up in Phase C/D. 


LAUNCH SUPPORT EQUIPMENT 


Pivot and Support Adapter (Stg II) 
Pivot and Support Adapter (Stg I) 


INTERFACE SUPPORTED 


. Stage II: lift for mating 
. Stage I: lift for vertical positioning 
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LAUNCH SUPPORT EQUIPMENT 

INTERFACE SUPPORTED 


. Vehicle Lift Sling 

. Both stages: lift for mating and 
vertical positioning 


. Riseoff Disconnect Panels (Launcher) 

. Launch Umbilical Tower: enable 
disconnect at launch 


. Launcher Hold Down and Release 
System 

. Launch Umbilical Tower /Stage I; 
vehicle hold down and release 


. Crawler /'I ransporter 

, Launch Umbilical Tower: move 

Tower & Vehicle to Launch Pad; 
move away for launch 


. Crane, Umbilical Tower 

. Launch Umbilical Tower /Air 

Vehicle: raise vehicle stages to 
vertical position and for mating 


. Emergency Egress System 

. Launch Umbilical Tower /Crew/ 

Passengers: enable rapid egress 
for pad /vehicle emergencies 


. Hydraulic Ground Power Unit 

, Launch Umbilical Tower /Stages: 
supply ground hydraulic power 
prior to APU startup 


. Gaseous Helium Service Unit 

. Launch Umbilical Tower /Stages: 
pressurization and purge 


. Water -Glycol Unit 

. Launch Umbilical Tower /Stage II: 
supply for ECLSS prior to 
activation 


. ECS Unit (Launcher) 

. Launch Umbilical Tower /Stagel: 
supply conditioned air to crew/ 
equipment compartment prior 
to launch 


. Pneiimatic Control Unit (Launcher) 

. Launch Umbilical Tower /Stage I; 
GN 2 distribution for anti-icing 
and purge prior to launch 


. Flex Connections LO^, LH 2 
Residual Drain 

. Launch Umbilical Tower /Stages: 
topping drainage during fill 



^ 
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LAUNCH SUPPORT EQUIPMENT 

INTERFACE SUPPORTED 

. Flex Connections, Tank 

. Launch Umbilical Tower /Stages: 

Pre s surization 

fill and drain, pressurant 


liquids /gases 

. GN 2 Storage 

. Launch Pad/Tower /Stages 

. Gaseous Helium Storage 

. Launch Pad/Tower /Stages 

. Umbilical Disconnects 

. Tower /Stages 

. Defueling Pit and Connections 

. Tower /Stages 

. GH^ Service Units 

. Tower /Stages: pre-condition LH 2 


vehicle storage tanks 

. Electrical Power Cart 

. Tower /Stages: supply ground 


electrical power prior to APU 


startup 

. LH 2 Storage 

. Launch Pad /Tower /Stages 

. LH 2 Supply Lines 

. Launch Pad /Tower /Stages 

. LO 2 Storage 

4 Launch Pad /Tower /Stages 

. LO 2 Supply Lines 

. Launch Pad /Tower /Stages 

. Ground Communications Hard 

4 LCC/Pad/Tower/Stages 

Lines (Voice /Data) 


. On-Board Software Transport 

4 Tower /Stages; transport software 

Kit 

for pre -launch loading into 


Data Management mass 


memory 

. Protective Covers 

4 Stages: protect vehicle critical 


areas prior to launch 4 


Remove during countdown 4 


Store for re-use 

. Lighting 

4 Tower: provide both tower and 


Vehicle illumination as re- 


quired for launch operations 

. Optical Reference 

4 Optical Tracker & IMU (Stage II); 


azimuth alignment and optics 


calibration ^ 
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IV. DESIGN REQUIREMENTS 

The equipment, of the type listed in the foregoing, will be defined in Part I 
specifications during Phase C/D and reviewed during OGE PDR's. Part II 
specifications will note whether the required equipment is existing, modified 
or new. CDR's will verify approval to proceed with procurement and 
installation required for flight test (see WBS ID 4.7). Specific design 
requirements must therefore await completion of the system requirements 
analysis and Part I CEI effort. 

V. INTERFACES 

The required Launch Support Equipment of the type noted in the preceding 
table will interface with the launch pad, with the launch control center, 
with the mobile launch umbilical tower (WBS ID 2. 5) and with the stages of 
the Space Transport Air Vehicle (WBS ID 1. 0). Other Program interfaces 
will include the following: WBS ID 3. 0/8. 0 (maintenance equipment which 
both handles Air Vehicle assembly in the vertical assembly building and in 
the turnaround facility, as well as maintains OGE) WBS ID 4. 0 (Systems 
Test and Evaluation); WBS ID 5. 0 (System /Program Management); WBS ID 6. 0 
(deliverable Data); WBS ID 7. 0 ( new Operational /Site Activation; WBS ID 4.7 
handles site activation for Test); WBS ID 9. 0 (Initial Spares and Repair Parts); 
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WBS ID 10. 0 (Training); WBS ID 11. 0 (Industrial Facilities for Fabrication, 
Inventory, Logistics Support, Turnaround Facility interfaces); and WBS 
ID 12, 0 (Operations and Services). 

VI. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 3.0 

TASK TITLE PECULIAR SUPPORT 


LEVEL 


EQUIPMENT 
3, Project Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to maintain the two-stage reusable Space Transport 
Air Vehicle! to maintain the peculiar Operating Ground Equipment needed 
to support Vehicle launch, missions and recovery; and to maintain the 
peculiar maintenance equipment needed to ensure operational capability 
of the Air Vehicle and its peculiar ground equipment. To satisfy these 
requirements, which are a part of NASA’s Advanced Space Transport 
Program (WBS ID 0, 0), peculiar support equipment is required which 
provides the following capability to the operational program, as well as 
to the RDT &; E and Investment phases which precede Operations; (1) 
provide integrated organizational and intermediate level equipment 
needed to transport, handle, checkout and service the Air Vehicle and 
its support equipment, including software associated therewith; (2) 
provide organizational, intermediate and depot level equipment needed 


TASK SCHEDULE MILESTONES 


Years 


MONTHS 


PERIOD 

ENDING 



21 ] 24 | 27 | 30 | 33 36 39 42 45 48 - 
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to transport, handle, calibrate, test and checkout, service, and repair 
Stage II and its support equipment, including software associated there- 
with; and, (3) provide organizational, intermediate and depot level equip- 
ment needed to transport, handle, calibrate, test and checkout, service 
and repair Stage I and its support equipment, including software associated 
therewith. 

II. SYSTEM-LEVEL, DEFINITION 

Five major elements define the peculiar Maintenance Ground Equipment 
(MGE) and Depot Maintenance Ground Equipment (DMGE) which comprise 
the peculiar support equipment for the Advanced Space Transport Program. 
This equipment is defined in accordance with the three’ major end items 
which are a part of this Program (integration, i. e. Air Vehicle peculiar; 

Stage II peculiar; and Stage I peculiar) and in accordance with the maintenance 
levels associated with this Program (organizational level, e. g. maintenance 
associated with the installed on-board vehicle equipment, such as test, 
fault isolate, remove and replace, checkout; intermediate level, e. g. 
maintenance associated with the removed air vehicle module or assembly 
to determine the fault, then remove and replace faulty component or module; 
and, depot level, e.g. maintenance associated with the faulty component 
or module to determine the fault, then remove and replace and conduct repair 
thereon, including post repair checkout). Maintenance associated with 
the Payload (WBS ID 1.2) is not included, except that transportation and 
handling (T & H) equipment needed for Integration and Stage II shall, to the 
extent feasible, be available to support installation/removal of Payload 
into /from Stage II. 

Accordingly, the elements which comprise WBS ID 3. 0 (see Figure 3. O-W-4) 
include the following systems: 

3.1 Integrated Or ganizational /Intermediate Equipment 

3.2 Stage II Organizational /Intermediate Equipment 

3. 3 Stage II Depot Equipment 

3.4 Stage I Organizational /Intermediate Equipment 

3.5 Stage I Depot Equipment 

Details on these systems are provided at lower levels of the WBS Dictionary. 
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III. FUNCTIONAL DESCRIPTION 

At Phase C go-ahead, final design of the Air Vehicle (WBS ID 1. 0) 
and support elements will be initiated. Preliminary design is assumed 
to be completed (Phase B). Air Vehicle PDRs (WBS ID 5. 0) will be held 
to review Part I specifications of the Contract End Items (CEIs) which 
each major air vehicle contractor, together with NASA, have defined. 
These will establish the air vehicle design which must be satisfied with 
CEIs Part II (WBS ID 1. 0). 

Following Air Vehicle PDRs, the system requirements analysis (WBS 
ID 5. 0) can be completed to define the Operating Ground Equipment (OGE) 
required to support launch, flight and recovery of the Air Vehicle and its 
elements. OGE PDRs will be held to review Part I specifications of the 
CEI's which each major ground support contractor, together with NASA, 
have defined. These will establish the OGE designs which must be 
satisfied with CEIs Part II (WBS ID 2. 0). 

Following the Air Vehicle PDR, the maintenance analysis, begun in 
Phase B, can be completed to define the requirements and solutions to 
these requirements needed to maintain the Air Vehicle (Integration, 

Stage II, Stage I) at the organizational, intermediate and depot levels. 

The equipment needed to satisfy the Air Vehicle maintenance analysis 
is termed MGE (Maintenance Ground Equipment) and DMGE (depot 
Maintenance Ground Equipment) and will consist of both peculiar (CFE) 
and common (GFE) equipment needed to transport, handle, test, check- 
out, calibrate, service and repair the Air Vehicle in accordance with 
Program objectives and requirements. Peculiar MGE for the Air Vehicle 
and its Stages will be designed, developed and tested under WBS ID 3. 0 
as single end items and installed and tested at the using site under WBS 
ID 4. 0 for the systems test program and under WBS ID 7. 0 for any new 
sites which are required. Common MGE, that is equipment which is 
identified to already by available by Federal Stock Number (FSN) through 
government stores, will be procured under WBS ID 8.0 and "loaded" 
according to site need (WBS ID 4, 0, 7. 0). 
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Similarly, following OGE PDRs, the maintenance analysis, begun in 
Phase B, can be completed to define the requirements and solutions 
to these requirements needed to maintain the peculiar Operating 
Ground Equipment (OGE) at the organizational, intermediate and depot 
levels. This equipment is also termed MGE and DMGE in accordance 
with where, in the maintenance cycle, it is required. Again, design 
and development is a function as to whether the equipment is peculiar 
(CFE) or common (GFE), common being procured as FSN equipment 
under WBS ID 8. 0. 

Following the maintenance analysis on air vehicle and OGE, maintenance 
analysis on MGE and DMGE can be completed to identify any new equip- 
ments, peculiar and common, needed to maintain this equipment. 

At appropriate points, PDRs can be held on CEIs Part I for Air Vehicle 
MGE/DMGEi OGE MGE /DMGE and MGE and DMGE MGE /DMGE. These 
PDRs will provide approved requirements for equipment which can be 
satisfied by either design, development or modified designs or by FSN 
designation. Thus, CDRs on MGE and DMGE can be held when Part II's 
or their equivalence demonstrate to NASA that an acceptable end item 
either exists or can be fabricated or modified to meet the requirement. 

IV. DESIGN REQUIREMENTS 

The peculiar support equipment (MGE and DMGE) shall be designed to 
support Program requirements specified in WBS Dictionary Element 

0. 0, Air Vehicle requirements identified in WBS Dictionary Element 

1, 0 and lower levels thereof, and Operating Ground Equipment require- 
ments identified in WBS Dictionary Element 2. 0 and lower levels there- 
of. Specific design requirements will be developed in Phase C and 
delineated on CEIs Part I. Preliminary design requirements for Integrated, 
Stage II and Stage I vehicle and OGE peculiar support equipment are 
specified in lower levels of WBS ID 3.0. 
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V. TEST REQUIREMENTS 

Test requirements for peculiar support equipment are specified under 
lower levels of WBS ID 3,0, Generally, development tests of end item 
components, assemblies and the end item, itself, are conducted under 
WBS ID 3. 0 at the appropriate level. Installed equipment tests will be 
conducted under WBS ID 4. 0 for test program needs and under WBS ID 
7, 0 for new operational site needs, if required. 

VI. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 


PROGRAM 


WBS NO. 3.1 


TASK TITLE INTEGRATED ORGANIZ./ 
INTERMED. EQUIPMENT 
LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to provide maintenance support to the Air Vehicle while 
it IS on the launch pad or while it is in the vertical assembly building at the 
launch site. In addition, means are required to assemble Stage I, Stage II, 
and the GEE payload to form the Air Vehicle. A means is also required to 
maintain the integrated maintenance equipment. Integration of paylpad with 
Stage II prior to and following a mission is tentatively covered under WBS 
ID 3.2.1, subject to review during Phase C/D. The means shall consist 
of Integrated Organizational /Intermediate (O/I) Equipment. 


SUBSYSTEM-EEVEE DEFINITION 

Four major elements define the Integrated O/I Equipment. These elements 


TASK SCHEDULE MILESTONES 
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are based on. the maintenance philosophy of Organizational Level and 
Intermediate Level maintenance, i. e, maintenance performed directly on 
the pre -flight /post -flight vehicle (Organizational Level) and maintenance 
performed in the support facility (Intermediate Level). Accordingly, the 
subsystem-level elements include (see Figure 3.0-W-4); 

3.1.1 Transportation and Handling Equipment (T & H) 

3.1. 2 Integrated Checkout Equipment 

3. 1. 3 Integrated Servicing Equipment 

3.1.4 Integrated Organizational /Intermediate (O/I) 

Software 

m. FUNCTIONAL DESCRIPTION 

For the baseline Space Transport Air Vehicle concept, peculiar support 
equipment (see WBS Dictionary Element 8. 0 for Common Support Equipment) 
is required for maintenance functions associated with: 

. Air Vehicle Assembly /Disassembly 
. Integrated Air Vehicle Servicing 
. Integrated Air Vehicle Checkout 

. Maintenance of Peculiar Integrated O/I Equipment 

Three basic operational locations require Integrated O/I Equipment; 

(1) the Vertical Assembly Building, (2) the Intermediate Level support shop 
of the Turnaround Facility, and (3) the Stage Landing Sites (Primary, 
Alternate or Emergency). 

During Phase B, an initial maintenance analysis effort has been undertaken 
to identify the peculiar support, i. e. maintenance, equipment, required for 
the Air Vehicle and the elements thereof (Payload, Stage II, Stage I). 
Following Phase C go-ahead, the analysis will be completed in order to 
specify the required equipment and software and to generate CEI Part I*s, 
hold GSE PDRs, generate CEI Part IIs, hold GSE CDRs and procure the 
needed equipments. Until the maintenance analysis is completed, a firm 
definition of needed MGE, its orientation (Integrated, Payload, Stage II, and 
Stage I), and its origin (peculiar or common) and source (CFE or GFE) must 
be considered as preliminary. 
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Lower levels of WBS Dictionary Element 3.1 will identify the Integrated 
O/I Equipment for the' Air Vehicle as presently conceived. Firmer 
definition must await Phase C/D effort, 

IV. DESIGN REQUIREMENTS 

Integrated 0/1 Equipment design requirements will be specified in accordance 
with the maintenance analysis (WBS ID 5. 0) completed in Phase C/D. Basic 
design requirements shall include performing the needed function (transporta- 
tion, handling, checkout, servicing) and meeting the environmental, safety, 
reliability, and maintainability requirements imposed by Systems Engineering. 
Equipment which must be air transportable will require special design for 
light weight, ruggedness, reduced packaging size, etc. Specific requirements 
are dependent on the end usage of each required item, including software. 

V. INTERFACES 

Integrated O/I Equipment basically interfaces with the end item which it 
supports (Air Vehicle, Payload, Stage II, Stage I, i. e. WBS ID 1-0). In 
addition, interfaces will exists with other MGE (WBS ID 3. 0/8. 0), with 
the launch facility (WBS ID 4. 7, 7. 0, 11. 0) and with Launch and Recovery 
OGE (WBS ID 2. 0), 'Other Program interfaces will include WBS ID 5. 0 
(System /Program Management), WBS ID 6. 0 (deliverable Data), WBS ID 
9. 0 (Initial Spares and Repair Parts), WBS ID 10, 0 (Training), and WBS 
ID 12.0 (Operations and Services). 

VI. REFERENCES 
(To be added. ) 
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WBS NO. 3.1.1 

TASK TITLE TRANSPORT. St HNDLNG. 

EQUIPT. (T&H) (INTEG. ) 

LEV£ 1 _ 5, Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 

Integrated Transportation and Handling Equipment (T & H) is required at the 
launch facility and at Stage landing sites to handle crew egress following a 
landing and to handle the mating of Stage II to Stage I in the vertical assembly 
building at the launch site. In addition. Integrated T & H equipment is 
required in the Intermediate Level maintenance area of the Turnaround 
Facility to handle maintenance functions which are common to both Stage I 
and Stage II.' These requirements will exist for both flight test and operations. 


ASSEMBLY LEVEL DEFINITION 

The following Integrated T & H Equipments are preliminarily identified for 
the baseline concept requirements. They are subject to modification during 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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Phase C/D as the maintenance analysis is firmed up. These equipments 
are vehicle peculiar and do not include any equipment for maintaining 
OGE or MGE. 

SITE LOCATION 

WBS ID NOMENCLATURE LAUNCH SITE* LANDING SITES** 


3. 1.1.1 

Crew Egress Vehicle 


3.1.1. 2 

Tow Tractor 

X 

3.1.1. 3 

Tow Bar, Nose Gear 

X 

3.1.1. 4 

Tie-down Cables & 
Wheel Chocks 

X 

3. 1.1.5 

Ground Crew Access 


3, 1. 1. 6 

Rocket Engine Sling 

X 

3. 1.1.7 

Air-breathing Engine Sling 

- X 

3.1.1. 8 

Engine Removal /Install 
Fixture (ABES) 

X 

3. 1.1.9 

Wing Handling Load Beam 
& Sling 

X 

3.1.1.10 

Rudder Removal /Install 
Load Beam & Sling 

X 

3.1.1.11 

Wing "Movable Surface" 
Handling Fixtures 

X 

3.1.1.12 

APU Removal /Install Fixture 

X 

3.1.1.13 

Engine Cowling Cradle (ABES) 

X 

3.1.1.14 

Rocket Engine Transport 
Dolly 

X 


X 

X 

X 

X 

X 

1 > 

O 




* Vertical Assembly Building or Turnaround Facility, as appropriate 
Primary, Alternate and Emergency Landing Sites {permanent or 
air “transportable as appropriate) 

^ Non-scheduled maintenance, only. Requirements to be determined. 
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SITE LOCATION 


WBS ID 

NOMENCLATURE 

LAUNCH SITE 

LANDING SITES 

3.1.1.15 

Air-breathing Engine 
Transport Dolly 

X 

0> 

3.1.1.16 

Wing Transport Dolly 

X 


3.1.1.17 

Rudder Transport Dolly 

X 


3.1.1.18 

ACPS Engine Remove/ 
Install Fixtures and Sling 

X 


3.1.1.19 

Generator Sling 

X 


3.1.1.20 

Brake Handling Fixture 

X 


3.1.1. 21 

Tripod Jacks, Vehicle 
(Wing Pickup) 

X 


3.1.1. 22 

Tripod Jacks, Vehicle 
(Fuselage Pickup) 

X 


3.1.1.23 

Tripod Jacks, Vehicle 
(Axle Pickup) 

X 


3.1.1.24 

Air Vehicle Lift and 
Rotation Sling 

X 


3.1.1.25 

Erection Tag Line & Winch 

X 


3.1.1,26 

Vertical Lift, Mobile Load 
Beam (VAB) 

X 


3.1.1.27 

LHg Tank Truck 

X 

X 


See Previous Page 

[II. FUNCTIONAL DESCRIPTION 

The Integrated T &: H Equipment supports assembly /disassembly of the 
Air Vehicle as required by the launch or maintenance operation. In addition, 
certain equipments are required at the landing sites to support common 
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Stage recovery requirements. For turnaround maintenance. Integrated 
T & H Equipment enables disassembly /assembly of assemblies or components 
common to each Stage in order to perform fault isolation- and to return the 
maintained assembly or component to its original location following repair. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.1) 

V. INTERFACES 

Integrated T & H Equipment interfaces with the Air Vehicle and its major 
elements (WBS ID 1. 0, 1.2, 1.3, 1.4). Assembly of the Stages and Payload, 
and interfaces thereto, are defined in WBS ID 1.1. Other interfaces are as 
noted in Para. V of WBS Dictionary Element 3.1. 

VI. TEST REQUIREMENTS 

Integrated T & H Equipment will be tested as specified in CEI Part I/II 
specifications generated in Phase C/D. Basic end items will be tested 
under WBS ID 3.1.1. Integrated testing will be performed under WBS ID 
4.7 as appropriate. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO.. 


3.1.2 


TASK TITLE INTEGRATED CHECKOUT 

EQUIPMENT 

LEVEL 5, Subsystem. Level 


WBS DICTIONARY 


REQUIREMENTS 

Integrated Checkout Equipment is required at the launch site and landing sites 
to verify Air Vehicle or Stage readiness to perform flight. Stage-unique 
checkout and test equipment is covered under WBS ID 3.2 and 3. 4. The 
Equipment shall be automated to the extent consistent with the requirement to 
ensure all subsystems are essentially flight ready. 

ASSEMBLY LEVEL DEFINITION 

The maintenance analysis which defines the specific equipment needed for 
Integrated Checkout is incomplete. Accordingly, the following assembly- 
level definition is preliminary. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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SITE LOCATION 


WBS ID 

NOME NC L AT URE 

LAUNCH SITE =5^ LANDING SITES 

3. 1.2.1 

Universal Test Equipment 

X TBD 

3.1. 2.2 

Control Surface Protractors 

X 

3.1. 2. 3 

Fuel &: Propellant Tank 
Pressure Tester 

X 


Vertical Assembly Building, Turnaround Facility, Launch Umbilical Tower 
Primary, Alternate and Emergency Landing Sites (permanent or 
air -transportable, as appropriate) 


III. FUNCTIONAL DESCRIPTION 

The analysis of required Integrated Checkout, i. e, Air Vehicle unique or 
common to each Stage, Equipment is incomplete. Universal test equipment 
implies sets of test and checkout equipment capable of testing each subsystem 
of the Air Vehicle in order to verify flight readiness, including readiness 
following maintenance. Until the Vehicle is firmly designed, the specific 
description of needed test and checkout equipment can only be estimated. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3,1) 

V. INTERFACES 

‘ Integrated Checkout Equipment interfaces with the subsystems of the Air 

Vehicle (WBS ID 1.3 and 1.4). Software needed for automatic checkout is 
provided by WBS ID 3.1.4. Other interfaces are defined in WBS Dictionary 
Element 3,1, Para. V. 

VI. TEST REQUIREMENTS 

Integrated Checkout Equipment will be tested as specified in CEI Part 1/ 

Part II specifications generated in Phase C/D. Basic end items will be 
tested under WBS ID 3.1. 2. Integrated testing will be performed under 
WBS ID 4.7 as appropriate. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 3.1.3 


TASK TITLE INTEGRATED SERVICING 

EQUIPMENT 

level 5, Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 

Integrated Servicing Equipment is required at the launch site and Stage 
landing sites in order to perform servicing and maintenance on the Air 
Vehicle prior to launch and on the Stages following a mission. Stage- 
peculiar servicing equipments are covered under WBS ID 3.2 and 3,4 
for Organizational /Intermediate Level maintenance and under WBS ID 
3. 3 and 3,5 for Depot Level maintenance. 

ASSEMBLY LEVEL DEFINITION 

The maintenance analysis which defines the specific equipment needed for 
Integrated Servicing is incomplete. Accordingly, the following assembly- 
level definition is preliminary. 


TASK SCHEDULE MILESTONES 
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WBS ID 

SITE LOCATION 

NOMENCLATURE LAUNCH SITE^ LANDING SITES=5= 

3. 1,3.1 

Control Surface Stands 

X 

X 

3.1, 3.2 

Engine Access Stands 
(ABES, Main) 

X 

X 

3. 1.3. 3 

Platforms, Data Removal 


X 

3.1.3. 4 

Cleaning Units, Vacuum 

X 


3. 1.3. 5 

Vehicle External Cleaning 
Stands 

X 


3.1. 3.6 

Access Panel Removal, 
Wing (Work Stand) 

X 


3.1. 3.7 

Access Panel Removal, 
Fuselage (Work Stand) 

X 


3. 1.3. 8 

Fuselage Side Work Stand, 
LH, RH 

X 


3, 1.3. 9 

Vertical Mate Access Platform 

X 


3.1. 3.10 

Wheelwell Access, Main 
Landing Gear (Work Stand) 

X 


3.1.3.11 

Nose Stand (Work Stand) 

X 


3.1.3.12 

Nose Gear Area Access Stand 

X 


3.1.3.13 

Wing Access (Various) (Work 
Stand) 

X 


3.1.3.14 

Cockpit Access Stand 

X 


3.1.3.15 

Mating Area Access Stand 
(Horizontal) (Work Stand) 

X 


3.1.3.16 

Vertical Stabilizer Access 
Stand (Work Stand) 

X 



* Vertical Assembly Building or Turnaround Facility O/I area as 
appropriate 

Primary, Alternate and Emergency Landing Sites (permanent or 
air -transportable as appropriate) 
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III. FUNCTIONAL. DESCRIPTION 

The Integrated Servicing Equipment provides servicing support for the 
Air Vehicle and to the Stages as common equipment during pre-launch 
checkout, post-landing operations, and turnaround maintenance. Specific 
subsystem servicing equipment which is Stage-unique is defined under 
WBS ID 3,2 through 3.5 as appropriate. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.1) 

V. INTERFACES 

Integrated Servicing Equipment interfaces basically with the Air Vehicle 
and its Stages (WBS ID 1. 0, 1.3, 1, 4). Other interfaces are defined in 
WBS Dictionary Element 3.1, Para. V. 

VI. TEST REQUIREMENTS 

Integrated Servicing Equipment will be tested as specified in CEI Part I/II 
Specifications generated in Phase C/D. Basic end items will be tested 
under WBS ID 3. 1. 3. Integrated testing will be performed under WBS ID 
4. 7 as appropriate. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO 3.1. 4 


TASK TITLE INTEGRATED ORG./ 

INTERMED. SOFTWARE 

level 5, Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 

Integrated Organizational /Intermediate (O/I) Software is required to enable 
checkout of the Air Vehicle prior to transport to the launch pad. Inasmuch 
as each individual Stage of the Air Vehicle will have its own software for 
Stage checks, the required Integrated O/I Software will essentially provide 
end-to-end checks to be used with Integrated Checkout Equipment (WBS ID 
3.1.2) after Vehicle assembly but prior to pad countdown, 

ASSEMBLY LEVEL DEFINITION 

Definition of the specific executive program, sub-programs and subroutines 
required for Air Vehicle checkout has not been defined at this time. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FORDETAIL SCHEDULES 
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III. FUNCTIONAL. DESCRIPTION 

The baseline concept for the launch site operations is as follows (assume 
an initial launch): 

. Individual Stage receival at turnaround facility 
. Perform premate checkout (individual Stages)^ 

. Perform Vehicle erection and assembly** 

. Transfer and install at pad 
. Perform launch operations*** 

* Software for this function is Stage-unique, See WBS 3. Z. 6 and 3. 4. 6 
WBS 3.1.4 software, i. e. end-to-end verification of flight readiness. 
During this event, flight programs (WBS ID 1. 3. 10. 7 and 1. 4.10. 5} are 
loaded aboard each Stage prior to mating (mission & targeting data, 
subsystem management, configuration management, checkout and 
fault isolation, displays and controls data, and the executive program) 
*** Software for this function is included in WBS ID 2.5.4, i.e. checkout 
prior to launch, including software to control launch operations 

From the above, it is noted that Integrated O/I Software is basically that 
software which enables end-to-end verification of Vehicle continuity following 
mating in the vertical assembly building, but prior to pad operations. 
Inasmuch as detailed checkout of each Stage is performed both in the final 
assembly area and at the pad, the integration check is basically one of 
continuity (electrical, mechanical, voice, data, separation integrity). 

Details on how this check will be performed and what specific software is 
required will be firmed up following Phase C go-ahead. Advantage will be 
taken of the inherent self-check capability each Stage possesses using on- 
board avionics and software for this purpose (see WBS Dictionary Element 
1. 3. 10 and 1. 4. 10). 

IV. DESIGN REQUIREMENTS 
(To be determined) 
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V. INTERFACES 

Integrated O/I Software interfaces with Integrated Checkout Equipment 
{WBS ID 3.1. 2) and with the Air Vehicle (WBS ID 1. 0). Other interfaces 
are specified in WBS Dictionary Element 3.1, Para. V. 

VI. REFERENCES 
(To be added) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO.__£i.£ 

TASK TITLE STAGE II QRG. / INTERMEI 


LEVEL 


EQUIPMENT 
4. System Level 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to provide maintenance support to Stage II at the 
Organizational/Intermediate (O/I) Level maintenance facilities. Operationally, 
this will include the turnaround facility, the mating facility, the launch pad 
and the recovery sites. During test phases of the Program, the above 
maintenance is also required as well as maintenance performed at the 
horizontal test site. Where applicable, the equipments and software required 
for on-site maintenance of Stage II should also be utilized for factory test 
and checkout including pre-flight and ferry tests. 

SUBSYSTEM- LEVEL DEFINITION 

Six major elements define Stage II O/I Equipment. These include (see 
Figure 3.0-W-4): 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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3.2.1 Stage II Transportation and Handling (T & H) 

Equipment (Organizational /Intermediate) 

3, 2. 2 Stage II Integrated Checkout Equipment (Org. /Inter. ) 

3. 2. 3 Stage II Calibration Equipment (PMEL) 

3. 2. 4 Stage II Subsystem Test and Checkout Equipment 

3. 2. 5 Stage II Servicing Equipment (Org. /Inter. ) 

3.2.6 Stage II Organizational /Intermediate Softw^are 

III. FUNCTIONAL DESCRIPTION 

For the baseline Stage II concept, peculiar support equipment (see WES 
Dictionary Element 8. 0 for Common Support Equipment) is required for 
maintenance functions associated with: 

. Payload installation /removal and handling interfaces with 
Stage II 

. Stage II integrated checkout 
. Stage II subsystem test and checkout 
. Stage II component calibration 

, Stage II servicing , 

. Transporting and handling Stage II, its subsystems, assemblies 
and components 

. Crew and passenger transportation 
. Data handling and storage 

Maintenance equipment to meet these functions will be required at the launch 
site, landing sites and flight test sites. If applicable, specific equipment 
will also be required at the factory (see WBS Dictionary Elements 1.3.1 
and 1. 4. 1). 

During Phase B, an initial maintenance analysis effort has been undertaken 
to identify the peculiar, i. e. maintenance, equipment required for the Air 
Vehicle, for Stage II and for Stage I, including Payload interfaces with 
Stage II, Following Phase C go~ahead, the analysis will be completed in 
order to specify the required equipment and software and to generate CEI 
Part I's, hold GSE PDRs, generate CEI Part II's, hold GSE CDRs and 
procure the needed equipments. Until the maintenance analysis is completed. 
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a firm definition of needed MGE, its orientation {Integrated, Payload, 

Stage II and Stage I), and its origin (peculiar or common) and source 
(GEE or GFE) must be considered as preliminary. 

Lower levels of WBS Dictionary Element 3. 2 will identify the Stage II 
O/I Equipment as presently conceived. Firmer definition must await 
Phase C/D effort. 

IV. DESIGN REQUIREMENTS 

Stage II O/I Eqtiipment design requirements will be specified in accordance 
with the maintenance analysis (WBS ID 5.0) completed in Phase C/D. Basic 
design requirements shall include performing the needed functions (transporta- 
tion, handling, checkout, calibration, test and checkout, servicing) and 
meeting the environmental, safety, reliability, and maintainability require- 
ments imposed by Systems Engineering. Equipment which must be air- 
transportable will require special design for lightweight, ruggedness, 
reduced packaging size, etc. Specific requirements are dependent on the 
end usage of each required item, including software. 

J. INTERFACES 

Stage II O/I Equipment basically interfaces with the end item which it 
supports (Payload, Stage II, i. e. WBS ID 1.2 and 1.3, respectively). In 
addition, interfaces will exist with other MGE (WBS ID 3. 0/8. 0), with 
the launch facility (WBS ID 4.7, 7. 0, 11. 0), with launch and recovery 
equipment (WBS ID 2. 0), and with the horizontal flight test operation (WBS 
ID 4.5). If this GSE is required in the factory to support final assembly 
and checkout, an interface will exist with WBS ID 11. 0. Other Program 
interfaces will include WBS ID 5.0 (System/Program Management), 

WBS ID 6. 0 (deliverable Data), WBS ID 9. 0 (Initial Spares and Repair ' 

Parts), WBS ID 10. 0 (Training) and WBS ID 12. 0 (Operations and Services), 

VI. REFERENCES 
(To be added. ) 


75 




^ \ZOU<3H-r MISSIL.E& 
fj AND SPACE COMPANY 


PAGE. 


PROGRAM TITLE 


PROGRAM 


WBS NO. 3.2.1 

TASK TITLE STAGE II T fc H EQPT. 

fORG. /INTER. ) 

LEVEL 5. Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 


Stage II Transportation and Handling (T & H) Equipment (Organizational/ 
Intermediate) is required operationally at the launch site and at Stage II 
landing sites to handle the installation of payload into or removal from 
Stage II, to handle passenger egress following a landing and to handle 
Stage II - peculiar assemblies and components. Stage II T & H equipment 
which is common with Stage I T & H equipment is covered under WBS ID 
3.1.1, Integrated T 8c H equipment. A requirement also exists for this 
equipment during test phases of the Program and may exist for factory 
final assembly operations as applicable. 

ASSEMBLY L.EVEL, DEFINITION 

The following Stage II T 8c H Equipments- are preliminarily identified for 


TASK SCHEDULE MILESTONES 
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the baseline concept requirements. They are subject to modification 


during Phase C/D as the maintenance analysis is firmed up. These 
equipments are vehicle peculiar and do not include- any equipment for 
maintaining OGE or MGE. 

SITE LOCATION 

WBS ID NOMENCLATURE LAUNCH SITE* LANDING SITES* 

3, 2. 1.1 

Passenger Egress Vehicle 


X 

3.2. 1.2 

Protective Passenger Trans- 
port (Bus) 


X 

3. 2.1. 3 

Nose Landing Gear Removal 
Dollies 

X 


3.2.1. 4 

Main Landing Gear Removal 
Dollies 

X 


3. 2. 1.5 

Thrust Ring Removal and 
Handling Sling 

• 

X 


3.2.1. 6 

Payload Install /Remove 
GSE Slings 

X 

X 

■ 3 . 2. 1.7 

Payload Guide- Rails Install/ 
Remove 

X 

X 

3. 2. 1.8 

Payload Handling Load Beam- 
Vertical & Horizontal 

X 

X 

3. 2. 1.9 

Payload Transport Cart 

X 

X 

3.2.1.10 

Payload Door Removal /Install 
Sling 

X 

X 

3.2.1.11 

Payload Door Transport Cart 

X 

X 

3. 2.1.12 

Payload Door Storage Cart 

X 

X 


Turnaround Facility (Operations) 

Primary, Alternate, Emergency Landing Sites (Operations) 
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III. FUNCTIONAL, DESCRIPTION 


Stage II T & H Equipment (Org. /Inter. ) is required to support Stage II - 
peculiar transportation and handling needs. The preceding list of equipment 
is preliminary. As noted, T & H equipment supports payload, passengers, 
and certain vehicle assembly needs required for maintenace functions. 

This equipment list is preliminary at this time and will be firmed up during 
Phase C/D as the maintenance analysis is completed, T & H equipment 
common to both Stage II and to Stage I is covered under WBS Dictionary 
Element 3.1.1. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.2. ) 

V. INTERFACES 

Stage II T & H Equipment (O/I) interfaces with Stage II (WBS ID 1. 3), 
with the Payload (WBS ID 1.2), and with the Passengers. Other interfaces 
are as noted in Para, V of WBS Dictionary Element 3. 2. 

VI. TEST REQUIREMENTS 

Stage II T & H Equipment (O/I) will be tested as specified in CEI Part I /II 
specifications generated in Phase C/D. Basic end items will be tested 
under WBS ID 3. 2. 1. Integrated testing will be performed under WBS ID 
4. 5 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 


3.2.2 


TASK TITLE STAGE II INTEGRATED 
CHECKOUT EQPT. (O/I) 


LEVEL 


5, Subsystem Level 



REQUIREMENTS 

Stage II Integrated Checkout Equipment (Organizational /Intermediate) is 
required for checking the Stage prior to a flight to verify readiness for the 
mission. This requirement exists prior to mating Stage II to Stage I for 
operational missions and following maintenance performed in the turnaround 
facility after mission return. A similar requirement exists during the test 
program for both horizontal and vertical flight test. As applicable, this 
equipment may be used for factory final assembly checkout. 

ASSEMBLY LEVEL DEFINITION 

The Phase B maintenance analysis is incomplete and will be firmed up in 
Phase C/D. Accordingly, the following as seinbly -level equipments are 
preliminary. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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SITE 

LOCATION 

WBS ID 

NOMENCLATURE 

LAUNCH SITE 

* LANDING SITES^ 

3. 2. 2.1 

Payload Weighing, and 
Balancing Fixture 

X 


3. 2. 2. 2 

Master Tooling GSE - 
Interface Control (Payload/ 
Stage II/Docking Module) 

X 


3. 2. 2. 3 

Universal Test Equipment 

X 

X 


* Turnaround Facility (Pre -Flight area)(Operations ) 

Primary, Alternate and Emergency Landing Sites (Operations) 


III. FUNCTIONAL DESCRIPTION 

The Stage II Integrated Checkout Equipment (O/I) is required to verify that 
Stage II and its payload are flight ready. Inasmuch as on-board avionics 
provides the capability for this checkout, once the vehicle is energized/ the 
amount of ground support equipment can be minimized. A ground-test 
software program (WBS ID 3,2. 6), similar to the on-board checkout software 
used to verify launch pad readiness, will be required, together with the 
ground support equipment required to program the on-board computer. In 
addition to vehicle checkout, the payload weighing and balancing fixture and 
master tooling will enable payload interfaces to be determined. Servicing 
equipment (WBS ID 3. 2. 5) will be needed to support the checkout function. 

As required, certain test equipment will be required at the landing site to 
verify ferry flight readiness. 

Similar use of this equipment will be required to support flight test. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.2.) 
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V. INTERFACES 

Stage II Integrated Checkout Equipment (Org. /Inter. ) interfaces with 
Stage II and its payload (WBS ID 1. 3 and 1. 2, respectively). Other interfaces 
are as noted in Para. V of WBS Dictionary Element 3, 2. 

VI. TEST REQUIREMENTS 

Stage II Integrated Checkout Equipment (Org. /Inter. ) will be tested as 
specified in CEI Part I /II specifications generated in Phase C/D. Basic 
end items will be tested under WBS ID 3. 2. 2. Integrated testing will be 
performed under WBS ID 4. 5 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE 


PROGRAM 


WBS NO. 3.2.3 

TASK TITLE STAGE II CALIBRATION 
EQUIPMENT (PMEE) 
LEVEL 5, Subsvstem Level 


WBS DICTIONARY 


REQUIREMENTS 

Stage II Calibration Equipment (Precision Measuring Equipment Laboratory, 
PMEL) is required to calibrate instruments and instrumentation which are 
part of Stage II. This requirement also extends to groimd support equipment 
used to test and checkout Stage II and its subsystems during operations and 
maintenance, including test programs preceding IOC. 

ASSEMBLY LEVEL DEFINITION 

Specific equipments needed to satisfy the requirements are not identified 
at this time. These equipments will be defined during Phase C/D. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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m. FUNCTIONAL DESCRIPTION 

As noted in the WBS Dictionary descriptions of Stage II (WBS ID 1. 3 and 
lower levels thereto), a considerable variety of controls, displays, and 
instrumentation exist, all of which require precise calibration to ensure 
accurate indications of the affected parameter measured, operated on, 
and/or displayed to the crew. To maintain this equipment in an accurate 
read-out state, it will be necessary to provide a laboratory and equipment 
which can handle the calibration requirements. 

In addition to vehicle equipment calibration needs certain OGE, MGE and 
DMGE which supports Stage II will also require calibration. 

To the extent feasible, common calibration requirements which exist 
between Stage II and Stage I should be identified so as to consolidate the 
Advanced Space Transport Program calibration equipment needs. Sub- 
contracting to responsible non- Program agencies should also be evaluated. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.2.) 

V. INTERFACES 

Stagell Calibration Equipment (PMEL) interfaces basically with Stage II 
(WBS ID 1. 3). Other interfaces are to be determined (OGE, MGE, DMGE). 
See Para. V of WBS Dictionary Element 3.2 for other Program interfaces. 

VI. TEST REQUIREMENTS 
(To be determined. ) 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO,. 


3.2.4 


TASK TITLE STAGE II SUBSYSTEM TEST 
& C. O. EQUIPMENT 
level 5. Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 

Stage II Subsystem Test and Checkout Equipment is required to fault isolate 
malfunctioning subsystems both on-board the Stage (Organizational Eevel) 
and in the Intermediate Level maintenance area of the turnaround facility and 
to checkout repaired or replaced modules to verify fault removal and satis- 
factory subsystem operation following repair. This same requirement 'will 
exist during test programs which precede IOC. For faulty Stages returning 
from a mission, certain test and checkout capability will be required at 
the landing site, 

ASSEMBLY LEVEL DEFINITION 

During Phase B, an initial maintenance analysis has been performed to 
preliminarily identify the equipments needed for subsystem test and checkout. 


TASK SCHEDULE MILESTONES 
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The analysis is incomplete and will be firmed up in Phase C/D. Therefore, 
the following assembly -level definition is to be considered as preliminary. 

SITE LOCATION 


WBS ID 

NOMENCLATURE 

LAUNCH SITE* LANDING SITES** 

3. 2.4.1 

Servo Valve Test Stand 

X 

3. 2.4. 2 

APU Test Stand 

X 

3. 2.4.3 

Generator Test Stand 

X 

3. 2. 4, 4 

Jet Engine Starting Cart 

X X 

3. 2. 4. 5 

Hydraulic Valve Test Stand 

X 

3. 2. 4. 6 

Air-breathing Engine Test 
Stand with Silencer 

X 

3. 2.4.7 

Payload Air-lock Test Device 

X 

3.2. 4. 8 

Hydraulic Pump and Motor 
Test Stand 

X 

3. 2. 4,9 

Ordnance Test Set 

X 


Turnaround Facility (Operations) 

** Primary, Alternate, Emergency (Operations) 

III. FUNCTIONAL DESCRIPTION 

Prior to flight, on-board avionics and software are available in the baseline 
Stage II concept to interrogate each subsystem to determine flight readiness. 

If a fault exists, it will be displayed. Certain test equipment will be required 
to verify that an on-board fault exists to enable remove and replace and 
checkout to verify that the fault is removed. Following a mission, capability 
will exist to similarly denote an on-board failure. If the landing is at a 
remote site, means will be required to similarly verify the on-board failure 
for remove and replace and checkout. For subsystem elements removed from 
the vehicle, a need will exist in the Intermediate Level maintenance area of 
the turnaround facility for test and checkout equipment, and for support 
equipment, to perform fault isolation and to remove and replace and checkout 
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the faulty module or component for delivery to the depot. This maintenance 
concept is standard with all major DoD agencies employing major systems 
similar to the Space Transport, For jet engine maintenance, a tradeoff 
exists as to what level of maintenance should the Advanced Space Transport 
Program provide direct support as opposed to utilizing existing commercial 
facilities. Similarly, sensitive avionics items (IMUs, communications 
equipment, computers, etc. ) may best be maintained in existing laboratories 
established for these purposes. This decision must be firmed up early in 
Phase C/D to ensure a capability exists when required for flight test. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.E.) 

V. INTERFACES 

Stage II Subsystem Test and Checkout Equipment basically interfaces with 
Stage II CWBS ID I. 3). Where common equipment exists with Stage I, this 
may reduce the amount of equipment required to support Air Vehicle maintenance. 
Inasmuch as certain OGE, MGE and DMGE must also be maintained there 
is an interface with that equipment also. See WBS Dictionary Elerrient 3, 2, 

Para. V, for other Program interfaces. 

VI. TEST REQUIREMENTS 

Stage II Subsystem Test and Checkout Equipment (O/I) will be tested as 
specified in CEI Part I/II specifications generated in Phase C/D. Basic 
end items will be tested under WBS ID 3. 2. 4. Integrated testing will be 
performed under WBS ID 4. 5 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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program TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS no; 3.2.5 ' 

TASK TITLE STAGE II SERVICING 

EQPT. (ORG. /INTER. ) 


LEVEL 


5. Subsystem Level 


WBS DICTIONARY 


REQUIREMENT 


Stage II Servicing Equipment (Organizational /Intermediate) is required in 
order to support maintenance operations on Stage II at the turnaround facility 
and at the landing site. Similar requirements for this equipment exist 
during test phases of the Advanced Space Transport Program 

ASSEMBLY LEVEL DEFINITION 

Phase B maintenance analysis has disclosed a preliminary list of servicing 
equipment required to support Organizational and Intermediate Level 
maintenance of Stage II. This list will be modified and upgraded in Phase C/D. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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SITE LOCATION 


WES ID 

NOMENCLATURE LAUNCH SITE=i^ LANDING 

3. 2. 5. 1 

GN^ Purge Hose Kit 


X 

3. 2. 5. 2 

Ground Crew Access 


X 

3. 2. 5. 3 

Rigging Pins & Safety Locks 


X 

3. 2. 5. 4 

Nose Landing Gear Trunnion 
Shaft Puller 

X 


3. 2. 5. 5 

Main Landing Gear Trunnion 
Shaft Puller 

X 

- 

3. 2. 5. 6 

Hydraulic Ground Power Unit 

X 

X 

3. 2.5. 7 

Air Conditioning Unit 

X 

X- 

3. 2. 5. 8 

Coolant Unit 

X 

X 

3. 2. 6. 9 

Electrical Power Cart 

X 

X 

3.2.5.10 

Pneumatic Control Cart 

X 


3.2.5.11 

GH 2 Burn Stack 


X 

3.2.5.12 

Blast Deflectors (Fuselage 
Protection, Engine Runup) 

X 


3.2.5.13 

Air-breathing Engine Maintenance 
Stand 

X 


3.2.5.14 

Hand Tools, Special Design (Set) 

X 


3.2.5.15 

Payload Area Access Stand 
(with Crane) 

X 

X 

3.2.5.16 

Payload Area Access Stands, 
LH/RH 

X 

X 

3.2.5.17 

Payload Area Access Stand 
Load Bar & Sling 

X 

X 

3.2.5.18 

Payload Storage Stand 

X 

X 

3.2.5.19 

Payload Work Stands 

X 

X 

3. 2. 5. 20 

Gaseous Helium Service Units 

X 


3.2.5.21 

GN^ Storage 


X 


Turnaround Facility (Operations) 

** Primary, Alternate, Emergency (Operations) 
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III. FUNCTIONAL DESCRIPTION 

The Stage II Servicing Equipment (O/I) provides maintenance support 
capability for Stage II at both the turnaround facility, the launch pad 
(as required) and at the landing sites. Following a landing, a need will 
exist for safing and purging the Stage, removing the payload, applying 
ground power for any checkout needed, burning off any remaining GH 2 , 
etc. In the turnaround facility, maintenance and refurbishment will 
require ground power, access to the payload bay, and possibly engine 
runup. Air-breathing engines must be checked and serviced. 

During Phase C/D, the maintenance analysis for servicing equipment 
requirements (including test requirements) will be completed enabling 
a complete list of equipment to be defined, reviewed and procured in 
time for test program needs. Integration of Stage II and Stage I Servicing 
Equipment will be needed to define common requirements /solutions. 

IV. DESIGN REQUIREMENTS 

(To be defined. See WES Dictionary Element 3,2.) 

V. INTERFACES 

Stage II Servicing Equipment (O/I) basically interfaces with Stage II and 
its Payload (WBS ID 1. 3 and 1. 2, respectively). Other interfaces are 
specified in WBS Dictionary Element 3. 2, Para. V. 

VI. TEST REQUIREMENTS 

Stage II Servicing Equipment (O/I) will be tested as specified in CEI 
Part I/II specifications generated in Phase C/D.. Basic end items will 
be tested under WBS ID 3, 2. 5. Integrated testing will be performed 
under WBS ID 4, 5 and 4. 7 . 

VII. REFERENCES 
(To be added.) 
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PROGRAM TITLE 


PROGRAM 


WBS NO. 3.2.6 

TASK TITLE STAGE II ORG. /INTER. 

SOFTWARE 

level 5, Subsystem Eevel 


WBS DICTIONARY 


REQUIREMENT 


A requirement exists for ground support software needed for integrated check- 
out and for subsystem test of Stage II in the Organizational /Intermediate 
maintenance facility at the launch site, A similar requirement will exist for 
test phases of the Advanced Space Transport Program. 

ASSEMBLY LEVEL DEFINITION 

Specific software requirements have not been defined for operational ground 
support software. Accordingly, assembly-level definition must await Phase 
C/D analysis before specific software can be defined. 

FUNCTIONAL DESCRIPTION 

Prior to mating Stage I to the launch umbilical tower, then mating Stage II 


TASK SCHEDULE MILESTONES 
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and its payload to Stage I for Air Vehicle Assembly (WSS ID 1.1) and sub- 
sequent transfer to the launch pad, an integrated checkout of each Stage 
is required in order to verify launch /flight integrity. An on-board avionics 
capability will exist for subsystem test, provided that software is available. 
WBS ID 3.2.2 provides the necessary integrated checkout groiind equipment. 
WBS ID 3.2.6 must provide the needed software. 

In addition to integrated checkout software, certain software will be required 
for Intermediate Level subsystem test and checkout (WBS ID 3,2.4). This 
software will enable automatic fault isolation in equipment requiring such 
capability in order to permit remove and replace, then checkout, to verify 
fault removal. 

Similar requirements will exist during flight test (WBS ID 4. 0). 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.2). 

V. INTERFACES 

Stage II O/I Software will interface with Stage II Integrated Checkout Equip- 
ment (O/I) (WBS ID 3, 2.2), with Stage II Subsystem Test and Checkout Equip- 
ment (WBS ID 3.2.4), and with Stage II (WBS ID 1.3). Other interfaces are 
specified in WBS Dictionary Element 3.2, Para. V). 

VI. TEST REQUIREMENTS 

(To be determined in Phase C/D, ) 

VII. REFERENCES 
(To be added. ) 
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PROGRAM 


WBS DICTIONARY 

I. REQUIREMENTS 

Means are required to maintain Stage II modules and components and Stage II 
peculiar support equipment at the depot level during both operational and test 
phases of the Advanced Space Transport Program. The means shall consist 
of Stage II Depot Equipment (Peculiar). 

II. SUBSYSTEM-LEVEL DEFINITION 

Six major elements define the Stage II Depot Equipment (Peculiar) as noted on 
Figure 3.0-W-3. These elements are based upon the maintenance philosophy 
that on-board maintenance (Organizational Level) will be performed to fault 
isolate an assembly, remove and replace, then checkout with the replaced 
assembly. At the Intermediate Level (turnaround facility O/I shop), the 
removed assembly will be tested to fault isolate to the failed module or 
' component, then removed, replaced and checked out. The faulty module 
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III. 


or component will then be sent to the depot (turnaround facility depot repair 
area or off-site facility) for test, remove, repair and/or throw-away, and 
replace, then checkout for cycling the repaired module or component back 
into the assembly or into storage for continued operational capability. 


Accordingly, the subsystem-level elements are as follows (see Figure 3. O-W-4): 


3.3.1 

3.3. 2 

3.3.3 

3.3.4 

3.3.5 

3.3.6 


Stage II Transportation and Handling (T & H) 
Equipment (Depot) 

Stage II Integrated Checkout Equipment (Depot) 
Stage II Component Test and Checkout Equipment 
Stage II Servicing Equipment (Depot) 

Stage II Component Repair Equipment 
Stage II Depot Software 


FUNCTIONAL DESCRIPTION 


Depot maintenance will be required for failed modules and components of 
Stage II as well as for failed assemblies, modules and components of Stage II 
support equipment. Depot level maintenance will be required for both test 
and operational phases of the Advanced Space Transport Program. During 
Phase C/D, the maintenance analysis of the Air Vehicle (WBS 1.0) will 
determine needed maintenance and at what level that maintenance is to be 
performed (Organizational, Intermediate, Depot) in accordance with 
reliability predictions. Maintenance Ground Equipment (MGE) and Depot 
Maintenance Ground Equipment (DMGE) will be defined which satisfies the 
maintenance analysis. 

As the analysis is extended to maintenance of peculiar Operating Ground 
Equipment (OGE) and MaintenanceGrounaEquipment (MGE and DMGE), the 
entire set of MGE /DMGE will have been identified. Part I specifications will 
be written for both MGE and DMGE end items (CEIs) which, together with the 
analysis, will enable PDRs to be held on MGE and DMGE to establish the 
requirements to be satisfied by Part II specifications (solutions to be peculiar, 
or common, depending on requirements). Peculiar DMGE will be developed 
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and/or procured following CDRs as part of WBS ID 3.3, Common Stage II 
depot equipment (FSN-identified) will be procured under WBS ID 8, 3. 

Inasmuch as the present (Phase B) analysis is incomplete, only the following 
equipments have been identified at this time as depot-peculiar. This list 
will expand as Phase C /D requirements /solutions are developed. 

ASSEMBLY LEVEL TYPE OF DEPOT 


WBS ID 

NOMENCLATURE 

EQUIPMENT 

3.3,1. - 

(Analysis Incomplete) 

Stage II T & H 

3.3.2. - 

(Analysis Incomplete) 

Stage II Integ. C. O. 

3,3,3. - 

(Analysis Incomplete) 

Stage II Component 
Test & Checkout 

3. 3.4.1 

Hydraulic Valve Test Stand 

Stage II Servicing 
Equipment 

3. 3. 4. 2 

Hydraulic Pump Motor 
Test Stand 

Stage II Servicing 
Equipment 

3. 3.4,3 

Servo Valve Test Stand 

Stage II Servicing 
Equipment 

3. 3. 5. - 

(Analysis Incomplete) 

Stage II Component 
Repair Equipment 

3.3.6. - 

(Analysis Incomplete) 

Stage II Depot Software 


IV. DESIGN REQUIREMENTS 

Peculiar Stage II Depot Equipment design requirements will be specified 
in accordance with the maintenance analysis (WBS ID 5.0) completed in 
Phase C/D. Basic design requirements shall include performing the 
needed function (transportation, handling, checkout, repair, test and 
checkout, servicing, storage) and meeting the environmental, safety. 
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reliability and maintainability requirements imposed by Systems Engineering. 
Inasmuch as experience shows that much of the Factory Support Equipment 
(FSE) designed for use in fabricating the Air Vehicle subsystem also has 
field application, monitoring of this equipment needed for in-plant use may 
find a ready solution for field use. Accordingly, properly coordinated effort 
between Systems Engineering (maintenance analysts) and Systems Design 
(maintenance designers) early in the Program may have high payoff in Depot 
areas needed to support both test and operations. Usually, FSE does not 
have to be maintained except through the production phase. However, if 
FSE is to become deliverable as GSE, i. e, WBS ID 3. 0, then extra care in 
FSE design will enable this equipment to become GSE by adding nameplate 
and serial number identification and. by providing backup engineering data 
(specifications, drawings, part lists) to support the equipment for field use 
(test programs and operations). The same applies to development software 
cycled into test and operational software. 

V. INTERFACES 

Peculiar Stage II Depot Equipment basically interfaces with Stage II, its 
subsystems, assemblies and components (WBS ID 1.3). This equipment 
will also interface with Stage II peculiar support equipment (WBS ID 2.0, 

3. 0). Other Program interfaces will include WBS ID 4. 0 (Systems Test 
and Evaluation), WBS ID 5. 0 (System/Program Management), WBS ID 6, 0 
(deliverable Data), WBS ID 7.0 ( new Operational /Site Activation; WBS ID 

4. 5 and 4. 7 providing Test Site Activation), WBS ID 9. 0 (Initial Spares and 
Repair Parts), WBS ID 10. 0 (Training), WBS ID 11. 0 (Industrial Facilities), 
and WBS ID 12, 0 (Operations and Services), 

VI. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 


TASK TITLE STAGE I ORG. /INTERMED , 

EQUIPMENT 

LEVEL 4, System Level ^ 


WBS DICTIONARY 


REQUIREMENTS 

Means are required to provide maintenance support to Stage I at the 
Organizational/Intermedxate (O/I) Level maintenance facilities. Operationally, 
this will include the turnaround facility, the mating facility, the launch pad 
and the recovery sites. During test phases of the Program, the above 
maintenance is also required as well as maintenance performed at the 
horizontal test site. Where applicable, the equipments and software required 
for on-site maintenance of Stage I should also be utilized for factory test 
and checkout including pre -flight and ferry tests. 

SUBSYSTEM-LEVEL DEFINITION 

Six major elements define Stage I O/I Equipment. These include (see 
Figure 3. O-W-4): 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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3,4.1 


3.4.2 

3.4.3 

3.4.4 

3.4.5 
3.4. 6 


Stage I Transportation and Handling (T & H) 
Equipment (Organizational /Intermediate ) 

Stage I Integrated Checkout Equipment (Org. /Inter. ) 
Stage I Calibration Equipment (PMEL) 

Stage I Subsystem Test and Checkout Equipment 
Stage I Servicing Equipment (Org. /Inter. ) 

Stage I Organizational /Intermediate Software 


FUNCTIONAL DESCRIPTION 


For the baseline Stage I concept, peculiar support equipment (see WBS 
Dictionary Element 8, 0 for Common Support Equipment) is required for 
maintenance functions associated with: 

. Stage I integrated checkout 
. Stage I subsystem test and checkout 
. Stage I component calibration 
. Stage I servicing 

. Transporting and handling Stage I, its subsystems, assemblies 
and components 
. Crew transportation 
. Data handling and storage 

Maintenance equipment to meet these functions will be required at the launch 
site, landing sites and flight test sites. K applicable, specific equipment 
will also be required at the factory (see WBS Dictionary Elements 1.3.1 
and 1. 4. 1). 

During Phase B, an initial maintenance analysis effort has been undertaken 
to identify the peculiar, i. e. maintenance, equipment required for the Air 
Vehicle, for Stage II and for Stage I, including Payload interfaces with 
Stage II. Following Phase C go-ahead, the analysis will be completed in 
order to specify the required equipment and software and to .generate CEI 
Part I's, hold GSE PDRs, generate CEI Part II's, hold GSE CDRs and 
procure the needed equipments. Until the maintenance analysis is completed, 
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a firm definition of needed MGE, its orientation {Integrated, Payload, 

Stage II and Stage I), and its origin (peculiar or common) and source 
(CFE or GFE) must be considered as preliminary. 

Lower levels of WBS Dictionary Element 3. 4 will identify the Stage I 
O/l Equipment as presently conceived. Firmer definition must await 
Phase C/D effort. 

IV. DESIGN REQUIREMENTS 

Stage I O/I Equipment design requirements will be specified in accordance 
with the maintenance analysis (WBS ID 5. 0) completed in Phase C/D. Basic 
design requirements shall include performing the needed functions (transporta- 
tion, handling, checkout, calibration, test and checkout, servicing) and 
meeting the environmental, safety, reliability, and maintainability require- 
ments imposed by Systems Engineering. Equipment which must be air- 
transportable will require special design for light weight, ruggedness, 
reduced packaging size, etc. Specific requirements are dependent on the 
end usage of each required item, including software. 

V. INTERFACES 

Stage I O/I Equipment basically interfaces with the end item which it 
supports (Stage I, i. e. WBS ID 1. 4). In addition, interfaces will exist 
with other MGE (WBS ID 3. 0/8. 0), with the launch facility (WBS ID 4. 7, 

7,0, 11. 0), with launch and recovery equipment (WBS ID 2. 0), and with 
the horizontal flight test operation (WBS ID 4. 6). If this GSE is required 
in the factory to support final assembly and checkout, an interface will 
exist with WBS ID 11. 0. Other Program interfaces will include WBS ID 
5, 0 (System/Program Management), WBS ID 6.0 (deliverable Data), 

WBS ID 9. 0 (Initial Spares and Repair Parts), WBS ID 10. 0 (Training) 
and WBS ID 12. 0 (Operations and Services). 

VI. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 


WBS NO. 3.4.1 


TASK TITLE . 


(ORG. /INTER. 


LEVEL 5. Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 

Stage I Transportation and Handling (T & H) Equipment (Organizational/ 
Intermediate) is required operationally at the launch site and at Stage I 
landing sites to handle Stage I - peculiar assemblies and components. 

Stage I T & H equipment which is common with Stage II T & H equipment 
IS covered under WBS ID 3.1.1, Integrated T & H equipment. A requirement 
also exists for this equipment during test phases of the Program and may 
exist for factory final assembly operations as applicable. 

ASSEMBLY LEVEL. DEFINITION 

..If ' 

The following Stage I T & H Equipments are preliminarily identified for 
the baseline concept requirements. They are subject to modification 
during Phase C/D as the maintenance analysis is firmed up. These 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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equipments are vehicle peculiar and do not include any equipment for 
maintaining OGE or MGE. 

SITE LOCATION 


WBS ID 

NOMENCLATURE 

LAUNCH SITE- 

LANDING SITES^:= 

3. 4. 1.1 

Canard Transport Dolly 

X 

None Identified 

3. 4. 1.2 

Canard Remove /Install Load 

X 

i o . 

uate 


Beam 




3.4,1. 3 

Nose Landing Gear Removal 

X 




Dollies 




3. 4. 1.4 

Main Landing Gear Removal 

X 




Dollies 




3. 4. 1.5 

Thrust Ring Removal and 

X 




Handling Sling 




3.4.1. 6 

Battery Handling, Remove / 

X 

1 



Install 





* Turnaround Facility (Operations) 

Primary, Alternate, Emergency Landing Sites (Operations) 


III. FUNCTIONAL DESCRIPTION 

Stage I T & H Equipment (Org. /Inter. ) is required to support Stage I - 
peculiar transportation and handling needs. The preceding list of equipment 
is preliminary. As noted, T & H equipment supports certain vehicle 
assembly needs required for maintenance functions. This equipment list 
is preliminary at this time and will be firmed up during Phase C /D as the 
maintenance analysis is completed. T & H equipment common to both 
Stage II and to Stage I is covered under WBS Dictionary Element 3.1.1. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.4. ) 
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V. ' ' INTERFACES 

Stage I T & H Equipment (O/I) basically interfaces with Stage I (WES ID 1.4), 
Other interfaces are as noted in Para. V of WBS Dictionary Element 3.4. 

VI. TEST REQUIREMENTS 

Stage I T & H Equipment (O/I) will be tested as specified in CEI Part I/II 
specifications generated in Phase C/D. Basic end items will be tested 
under WBS ID 3.4.1. Integrated testing will be performed under WBS ID 
4. 6 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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WBS NO 3.4. 2 

TASK TITLE STAGE I INTEGRATED 

CHECKOUT EQPT. (O/l) 

level 5, Subsystem Devel 


WBS DICTIONARY 


REQUIREMENTS 

Stage I Integrated Checkout Equipment (Organizational/Intermediate) is 
required for checking the Stage prior to a flight to verify readiness for the 
mission. This requirement exists prior to mating Stage II to Stage I for 
operational missions and following maintenance performed in the turnaround 
facility after mission return. A similar requirement exists during the test 
program for both horizontal and vertical flight test. As applicable, this 
equipment may be used for factory final assembly checkout. 

ASSEMBLY LEVEL DEFINITION 

The Phase B maintenance analysis is incomplete and will be firmed up in 
Phase C/D. Accordingly, the following assembly-level equipments are 
pr eliminary . 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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SITE LOCATION 

WBS ID NOMENCLATURE LAUNCH SITE* LANDING SITES^ * 

3.4. 2.1 Universal Test Equipment X X 

* Turnaround Facility (Pre -Flight area) (Operations) 

** Primary, Alternate and Emergency Landing Sites (Operations) 

III. FUNCTIONAL DESCRIPTION 

The Stage I Integrated Checkout Equipment (O/I) is required to verify that 
Stage I is flight ready. Inasmuch as on-board avionics provides the capability 
for this checkout, once the vehicle is energized, the amount of ground support 
equipment can be minimized. A ground-test software program (WBS ID 
3. 4. 6), similar to the on-board checkout software used to verify launch pad 
readiness, will be required, together with the ground support equipment to 
program the on-board computer. Servicing equipment (WBS ID 3. 4.5) will 
be needed to support the checkout function. 

As required, certain test equipment will be required at the landing site to 
verify ferry flight readiness. 

Similar use of this equipment will be required to support flight test. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3. 4. ) 

V. INTERFACES 

Stage I Integrated Checkout Equipment (Org. /Inter. ) basically interfaces 
with Stage I (WBS ID 1.4). Other interfaces are as noted in Para. V of 
WBS Dictionary 3,2. 
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VI. TEST REQUIREMENTS 

Stage I Integrated Checkout Equipment (Org. /Inter. ) will be tested as 
specified in CEI Part I/II specifications generated in Phase C/D.' Basic 
end Items will be tested under WBS ID 3.4. 2. Integrated testing will be 
performed under WBS ID 4. 6 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBSNO: 


. 3.4.3 


TASK TITLE STAGE I CALIBRATION 
EQUIPMENT (PMEL) 
LEVEL 5. Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 


Stage I Calibration Equipment (Precision Measuring Equipment Laboratory, 
PMEL) is required to calibrate instruments and instrumentation which are 
part of Stage I. This requirement also extends to ground support equipment 
used to test and checkout Stage I and its subsystems during operations and 
maintenance, including test programs preceding IOC. 

ASSEMBLY LEVEL DEFINITION 

Specific equipments needed to satisfy the requirements are not identified 
at this time. These equipments will be defined during Phase C/D. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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III. FUNCTIONAL DESCRIPTION 

As noted in the WBS Dictionary descriptions of Stage I {WBS ID 1. 4 and 
lower levels thereto), a considerable variety of controls, displays, and 
instrumentation exist, all of which require precise calibration to ensure 
accurate indications of the affected parameter measured, operated on, 
and/or displayed to the crew. To maintain this equipment in an accurate 
read-out state, it will be necessary to provide, a laboratory and. equipment 
which can handle the calibration requirements. 

In addition to vehicle equipment calibration needs certain OGE, MGE and 
DMGE which supports Stage I will also require calibration. 

To the extent feasible, common calibration requirements which exist 
between Stage II and Stage I should be identified so as to consolidate the 
Advanced Space Transport Program calibration equipment needs. Sub- 
contracting to responsible non-Program agencies should also be evaluated. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3.4.) 

V. INTERFACES 

Stage I Calibration Equipment (PMEL) interfaces basically with Stage I 
(WBS ID 1.4). Other interfaces are to be determined (OGE, MGE, DMGE). 
See Para. V of WBS Dictionary Element 3. 4 for other Program interfaces. 

VI. TEST REQUIREMENTS 
(To be determined, ) 

VII. REFERENCES 
(To be added. ) 
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WBS NO. 3.4.4 

TASK TITLE STAGE I SUBSYSTEM TEST 

& C.O. EQUIPMENT 

level 5, Subsystem Level 
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The analysis is incomplete and will be firmed up in Phase C/D. Therefore, 
the following assembly-level definition is to be considered as preliminary. 


SITE LOCATION 


WBS ID 

NOMENCLATURE 

LAUNCH SITE* LANDING SITES** 

3.4. 4.1 

Servo Valve Test Stand 

X 

3.4. 4,2 

APU Test Stand 

X 

3.4. 4. 3 

Generator Test Stand 

X 

3.4. 4.4 

Jet Engine Starting Cart 

X X 

3. 4. 4. 5 

Hydraulic Valve Test Stand 

X 

3.4. 4.6 

Air-breathing Engine Test 
Stand with Silencer 

X 

3.4. 4.7 

Hydraulic Pump and Motor 

X 

3.4. 4.8 

Ordnance Test Set 

X 


* Turnaround Facility (Operations) 

Primary, Alternate, Emergency (Operations) 

III. FUNCTIONAL DESCRIPTION 

Prior to flight, on-board avionics and software are available in the baseline 
Stage I concept to interrogate each subsystem to determine flight readiness. 

If a fault exists, it will be displayed. Certain test equipment will be required 
to verify that an on-board fault exists to enable remove and replace and 
checkout to verify that the fault is removed. Following a mission, capability 
will exist to similarly denote an on-board failure. If the landing is at a 
remote site, means will be required to similarly verify the on-board failure 
for remove and replace and checkout. For subsystem elements removed from 
the vehicle, a need will exist in the Intermediate Level maintenance area of 
the turnaround facility for test and checkout equipment, and for support 
equipment, to perform fault isolation and to remove and replace and checkout 
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the faulty module or component for delivery to the depot. This maintenance 
concept is standard with all major DoD agencies employing major systems 
similar to the Space Transport. For jet engine maintenance, a tradeoff 
exists as to what level of maintenance should the Advanced Space Transport 
Program provide direct support as opposed to utilizing existing commercial 
facilities. Similarly, sensitive avionics items {IMUs, communications 
equipment, computers, etc. ) may best be maintained in existing laboratories 
established for these purposes. This decision must be firmed up early in 
Phase C/D to ensure a capability exists when required for flight test. 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3. 4. ) 

V. INTERFACES 

Stage I Subsystem Test and Checkout Equipment basically interfaces with 

Stage I (WBS ID 1.4). Where common equipment exists with Stage II, this 

may reduce the amount of equipment required to support Air Vehicle maintenance. 

Inasmuch as certain OGE, MGE and DMGE must also be maintained there 

is an interface with that equipment also. See WBS Dictionary Element 3. 4, 

Para. V, for other Program interfaces. 

VI. TEST REQUIREMENTS 

Stage I Subsystem Test and Checkout Equipment (O/I) will be tested as 
specified in CEI Part I /II specifications generated in Phase C/D. Basic 
end items will be tested under WBS ID 3.4. 4. Integrated testing will be 
performed under WBS ID 4. 6 and 4. 7. 

VII. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 


3. 4.5 


TASK TITLE STAGE I SERVICING 

EQPT. (ORG. /INTER. ) 


LEVEL 


5, Subsvstem Level 


REQUIREMENT 

Stage I Servicing Equipment {Organizational /Intermediate) is required in 
order to support maintenance operations on Stage I at the turnaround facility 
and at the landing site. Similar requirements for this equipment exist 
during test phases of the Advanced Space Transport Program. 

ASSEMBLY LEVEL DEFINITION 

Phase B maintenance analysis has disclosed a preliminary list of servicing 
equipment required to support Organizational and Intermediate Level 
maintenance of Stage I. This list will be modified and upgraded in Phase C/D. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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SITE LOCATION 


WBS ID 

NOMENCLATURE LAUNCH SITE* 

LANDING SITES* 

3.4. 5.1 

GN 2 Purge Hose Kit 


X 

3. 4. 5. 2 

Ground Crew Access 


X 

3. 4. 5. 3 

Rigging Pins & Safety Locks 


X 

3. 4.5. 4 

Nose Landing Gear Trunnion 
Shaft Puller 

X 


3.4. 5.5 

Main Landing Gear Trunnion 
Shaft Puller 

X 


3. 4.5. 6 

Hydraulic Ground Power Unit 

X 

X 

3. 4.5. 7 

Air Conditioning Unit 

X 

X 

3.4. 5.8 

Chilled Water -Glycol Unit 

X 


3. 4.5. 9 

Electrical Power Cart 

X 

X 

3.4.5.10 

Pneumatic Control Cart 

X 


3. 4. 5.11 

Chilled Water & Glycol Serving 

X 


3.4.5.12 

Blast Deflectors (Fuselage 
Protection, Engine Runup) 

X 


3.4.5.13 

Air-breathing Engine Maintenance 
Stand 

X 


3.4.5.14 

Hand Tools, Special Design (Set) 

X 


3.4.5.15 

Canard Work Stand, LH/RH 

X 


3.4.5.16 

Gaseous Helium Service Units 

X 


3,4.5.17 

GN 2 Storage 


X 


* Turnaround Facility (Operations) 

** Primary, Alternate, Emergency (Operations) 
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III. FUNCTIONAL, DESCRIPTION 

The Stage I Servicing Equipment (O/l) provides maintenance support 
capability for Stage I at both the turnaround facility, the launch pad 
(as required) and at the landing sites. Following a landing, a need will 
exist for safing and purging the Stage, removing the payload, applying 
ground power for any checkout needed, etc. In the turnaround facility, 
maintenance and refurbishment will require ground power, and possibly 
engine runup. Air-breathing engines must be checked and serviced. 

During Phase C/D, the maintenance analysis for servicing equipment 
requirements (including test requirements) will be completed enabling 
a complete list of equipment to be defined, reviewed and procured in 
time for test program needs. Integration of Stage I and Stage II Servicing 
Equipment will be needed to define common requirements /solutions. 

IV. DESIGN REQUIREMENTS 

(To be defined. See WBS Dictionary Element 3.4. ) 

V. INTERFACES 

Stage I Servicing Equipment (O/I) basically interfaces with Stage I (WBS ID 
1.4). Other interfaces are specified in WBS Dictionary Element 3.4, Para. V. 

VI- TEST REQUIREMENTS 

Stage I Servicing Equipment (O/I) will be tested as specified in CEI 
Part I/II specifications generated in Phase C/D. Basic end items will 
be tested under WBS ID 3. 4. 5. Integrated testing will be performed 
under WBS ID 4. 6 and 4. 7 . 

VII. REFERENCES 

(To be added. ) 


118 



119 




iNPins 





























120 



























\/-C>UGHT MISSIL.es 

fj Ars/D SPAGS GOMPArsiY 
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PROGRAM 
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WBS NO 3. 4. 6 

TASK TITLE STAGE I ORG. /INTER. 

SOFTWARE 

level 5, Subsystem Level. 


WBS DICTIONARY 


REQUIREMENT 


A requirement exists for ground support software needed for integrated check- 
out and for subsystem test of Stage I in the Organizational/Intermediate 
maintenance facility at the launch site. A similar requirement will exist for 
test phases of the Advanced Space Transport Program. 

ASSEMBLY LEVEL DEFINITION 

Specific software requirements have not been defined for operational ground 
support software. Accordingly, assembly-level definition must await Phase 
C/D analysis before specific software can be defined. 

FUNCTIONAL DESCRIPTION 

Prior to mating Stage I to the launch umbilical tower, then mating Stage II 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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and its payload to Stage I for Air Vehicle Assembly (WBS ID 1.1) and sub- 
sequent transfer to the launch pad, an integrated checkout of each Stage is 
required in order to verify launch/flight integrity. An on-board avionics 
capability will exist for subsystem test, provided that software is available . 
WBS ID 3.4,3 provides the necessary integrated checkout ground equipment. 
WBS ID 3. 4, 6 must provide the needed software. 

In addition to integrated checkout software, certain software will be required 
for Intermediate Level subsystem test and checkout (WBS ID 3.4.4). This 
software will enable automatic fault isolation in equipment requiring such 
capability in order to permit remove and replace, then checkout, to verify 
fault removal. 

Similar requirements will exist during flight test (WBS ID 4. 0), 

IV. DESIGN REQUIREMENTS 

(To be determined. See WBS Dictionary Element 3,4, ) 

V. INTERFACES 

Stage I O/I Software will interface with Stage I Integrated Checkout Equip- 
ment (O/I) (WBS ID 3,4. Z), with Stage I Subsystem Test and Checkout Equip- 
ment (WBS ID 3.4.4), and with Stage I (WBS ID 1,4). Other interfaces are 
specified in WBS Dictionary Element 3.4, Para, V, 

VI. TEST REQUIREMENTS 

(To be determined in Phase C/D. ) 

VII. REFERENCES 
(To be added. ) 
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PROGRAM 


PAGE. 


OF. 


WBS NO.. 


3. 5 


TASK TITLE STAGE I DEPOT 

EQUIPMENT (PECULIAR) 
LEVEL 4. System Level 


WBS DICTIONARY 

I. REQUIREMENTS 

Means are required to maintain Stage I modules and components and Stage I 
peculiar support equipment at the depot level during both operational and test 
phases of the Advanced Space Transport Program. The means shall consist 
of Stage I Depot Equipment (Peculiar). 

II. SUBSYSTEM-LEVEL DEFINITION 

Six major elements define the Stage I Depot Equipment (Peculiar) as noted on 
Figure 3. O-W-4. These elements are based upon the maintenance philosophy 
that on-board maintenance (Organizational Level) will be performed to fault 
isolate an assembly, remove and replace, then checkout with the replaced 
assembly. At the Intermediate Level (turnaround facility O/I shop), the 
removed assembly will be tested to fault isolate to the failed module or 
component, then removed, replaced and checked out. The faulty module 
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WBS CODE 

or component will then be sent to the depot (turnaround facility depot repair 
area or off-site facility) for test, remove, repair and/or throw-away, and 
replace, then checkout for cycling the repaired module or component back 
into the assembly or into storage for continued operational capability. 

Accordingly, the subsystem-level elements are as follows; 

3.5.1 Stage I Transportation and Handling (T & H) 

Equipment (Depot) 

3.5.2 Stage I Integrated Checkout Equipment (Depot) 

3.5.3 Stage I Component Test and Checkout Equipment 

3.5.4 Stage I Servicing Equipment (Depot) 

3.5.5 Stage I Component Repair Equipment 
3.5. 6 Stage I Depot Software 

III. FUNCTIONAL DESCRIPTION 

Depot maintenance will be required for failed modules and components of 
Stage I as well as for failed assemblies, modules and components of Stage I 
support equipment. Depot level maintenance will be required for both test 
and operational phases of the Advanced Space Transport Program. During 
Phase C/D, the maintenance analysis of the Air Vehicle (WES 1. 0) will 
determine needed maintenance and at what level that maintenance is to 
be performed (Organizational, Intermediate, Depot) in accordance with 
reliability predictions. Maintenance Ground Equipment (MGE) and Depot 
Maintenance Ground Equipment (DMGE) will be defined which- satisfies the 
maintenance analysis. 

As the analysis is extended to maintenance of peculiar operating ground 
equipment (OGE) and maintenance ground equipment (MGE and DMGE), the 
entire set of MGE /DMGE will have been identified. Part I specifications will 
be written for both MGE and DMGE end items (CEIs) which, together with the 
analysis, will enable PDRs to be held on MGE and DMGE to establish the 
requirements to be satisfied by Part II specifications (solutions to be peculiar, 
or common, depending on requirements). Peculiar DMGE will be developed 
and/or procured following CDRs as part of WES ID 3.5. Common Stage I 
depot equipment (FSN-identified) will be procured under WES ID 8. 5. 
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Inasmuch as the present (Phase B) analysis is incomplete, only the following 
equipments have been identified at this time as depot -peculiar . This list 
will expand as Phase C/D requirements /solutions are developed, 

ASSEMBLY LEVEL TYPE OF 


WBS ID 

NOMENCLATURE 

EQUIPMENT 

3.5.1.- 

(Analysis Incomplete) 

Stage I T & H 

3.5.2. - 

(Analysis Incomplete) 

Stage I Integ. C;0. 

3.5.3. - 

(Analysis Incomplete) 

Stage I Component 
Test & Checkout 

3. 5. 4.1 

Hydraulic Valve Test 
Stand 

Stage I Servicing 
Equipment 

3. 5. 4. 2 

Hydraulic Pump & Motor 
Test Stand 

Stage I Servicing 
Equipment 

3.5.4. 3 

Servo Valve Test Stand 

Stage I Servicing 
Equipment 

3.5.5.- 

(Analysis Incomplete) 

Stage I Component 
Repair Equipment 

3.5.6. - 

(Analysis Incomplete ) 

Stage I Depot Software 


IV. DESIGN REQUIREMENTS 

Peculiar Stage I Depot Equipment design requirements will be specified 
in accordance with the maintenance analysis (WBS ID 5. 0) completed in 
Phase C/D. Basic design requirements shall include performing the 
needed function (transportation, handling, checkout, repair, test and 
checkout, servicing, storage) and meeting the environmental, safety, 
reliability and maintainability requirements imposed by Systems Engineering. 
Inasmuch as experience shows that much of the Factory Support Equipment 
(FSE) designed for use in fabricating the Air Vehicle subsystem also has 
field application, monitoring of this equipment needed for in-plant use may 
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find a ready solution for field use. Accordingly, properly coordinated effort 
between Systems Engineering (maintenance analysts} and Systems Design 
•(maintenance designers) early in the Program may have high payoff in Depot 
areas needed to support both test and operations. Usually, FSE does not 
have to be maintained except through the production phase. However, if 
FSE is to become deliverable as GSE, i. e. WES ID 3. 0, then extra care in 
FSE design will enable this equipment to become GSE by adding nameplate 
and serial number identification and by providing backup engineering data 
(specifications, drawings, part lists) to support the equipment for field use 
(test programs and operations). The same applies to development software 
cycled into test and operational software. 

V. INTERFACES 

Peculiar Stage I Depot Equipment basically interfaces with Stage I, its 
subsystems, assemblies and components (WBS ID 1.4). This, equipment 
will also interface with Stage I peculiar support equipment (WBS ID 2. 0, 

3.0). Other Program interfaces will include WBS ID 4.0 (Systems Test 
and Evaluation), WBS ID 5.0 (System /Program Management), WBS ID 6. 0 
(deliverable Data), WBS ID 7. 0 ( new Operational /Site Activation; WBS ID 
4. 5 and 4. 7 providing Test Site Activation), WBS ID 9. 0 (Initial Spares and 
Repair Parts), WBS ID 10. 0 (Training), WBS ID 11, 0 (Intiustrial Facilities), 
and WBS ID 12.0 (Operations and Services). 

VI. REFERENCES 
(To be added, ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 


WBS NO. 4, 0 

TASK TITLE SYSTEMS TEST AI^D 

EVALUATION 

LEVEL 3, Project Level 


WBS DICTIONARY 


REQUIREMENTS 

A need exists for a senes of tests to be conducted which will obtain and 
validate engineering data on the performance of the Space Transport Air 
Vehicle and its associated support equipment prior to committing these 
elements to an operational status as called for by WBS Dictionary Element 
0. 0, Advanced Space Transport Program. To meet this need, an in- 
tegrated test plan (WBS ID 5.0) will be developed and approved which 
establishes the effort required; defines the tests to be conducted; defines 
the number and types of prototypes and flight test vehicles to be produced 
and delivered; defines the number and type of operating ground equipment 
articles to be built and delivered and/or made available; defines the 
number and types of peculiar and common support equipments to be built 
and delivered and/or procured; defines the location of and test facilities 
to be made available; defines the software requirements; defines the 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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consumables required; specifies the instrumentation required; denotes 
the types and skills of personnel needed; delineates the non-Program 
element support required; and defines the Program controls documenta- 
tion, procedures, spares, etc. which will be employed to obtain, evaluate 
and validate test data. 

Based on this test plan, WBS ID 4. 0 will conduct Stage I and Stage II com- 
bined subsystem development tests, conduct Stage I and Stage II structural 
tests, conduct Stage I and Stage II single element flight tests, and conduct 
mated manned orbital flight tests. In addition, Stage I and Stage II mockups 
will be designed, developed, fabricated and maintained throughout the 
RDT & E phase as design, integration and training tools as called for by 
contract. At the completion of RDT & E, mockups will be either dissambeled 
and disposed of or delivered to NASA as specified in the contracts of 
affected end item suppliers. 

Effectively, WBS ID 4. 0 provides Category I and II testing, or their equiva- 
lent, to validate capability of the Air Vehicle and its support equipment to 
provide an initial operational capability (IOC). With this capability 
approved, the Investment phase can be accomplished, resulting in IOC 
for the Advanced Space Transport Program. 

II. SYSTEM-LEVEL DEFINITION 

Nine major elements are required to form the Systems Test and Evaluation 
element of the Advanced Space Transport Program. Each element is de- 
fined in accordance with the three major end items of the Program (Integration, 
Stage II, Stage I) and with the steps which each end item must take to 
validate its performance and effectiveness prior to receiving full qualification 
and acceptance for entering IOC. Accordingly, WBS ID 4, 0 (see Figure 4. O-W-5] 
is defined to consist of the following system-level elements: 

4.1 Stage II Subsystem Development Tests 

4.2 Stage I Subsystem 'Development Tests 

4.3 Stage II Structural Tests 

4.4 Stage I Structural Tests 

4.5 Stage II Flight Tests (Single Element) 
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4.6 Stage I Flight Tests (Single Element) 

4. 7 Manned Orbital Flight Tests (Mated) 

4. 8 Stage II Mockups 

4. 9 Stage I Mockups 

The Air Vehicle is defined to include a GFE Payload (WBS ID 1. 2 ), 

Stage II (WBS ID 1.3) and Stage I (WBS ID 1.4) as stated in WBS Dictionary 
Element 1. 0. Operating ground equipment required to support flight 
test as well as operations is specified in WBS Dictionary Element 2. 0. 
Peculiar and common support equipment needed to maintain the airborne 
elements and operating ground equipment are specified in WBS Dictionary 
Elements 3. 0 and 8. 0. Dower level WBS Dictionary elements further 
define WBS ID 4, 1 through 4. 9. 

II. FUNCTIONAD DESCRIPTION 

At Phase C go-ahead, final design of the Air Vehicle, Operating Ground 
Equipment (OGE) and Maintenance Ground Equipment and Depot Maintenance 
Ground Equipment (MGE/DMGE) will proceed through generation of Part I 
specifications on end items (CEI's), conduct of PDRs (Air Vehicle, OGE, 
MGE/DMGE), and subsystem development needed to generate CEI Part II 
specifications, the approval of which in CDRs will permit hardware pro- 
curement and flight test article fabrication. 

In parallel with the above, preliminary test plans generated during 
Phase B can be finalized in Phase C and approved at an appropriate 
point to establish, a Transport System Test and Operations Plan for 
conducting single and combined subsystem development test^, structural tests 
single element flight tests and mated flight tests,. In addition, mockups 
generated in Phase B can be upgraded as the design progresses, or 
fabricated in Phase C/D as specified by contract. Part I specifications, 
and PDRs thereon, may be required on mockups as determined by NASA. 

Component, module, assembly and subsystem tests peculiar to, only one’ 
subsystem are, in general, conducted under the affected subsystem (see 
WBS ID 1. 0, Volumes I &:II). Exceptions to this occur in the need for wind 
tunnel testing and engine testing, and certain structural testing which are 
included under WBS ID 4. 1 and 4. 2 for Stage II and Stage I, respectively. 
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WBS ID 4. 0, as noted in lower Dictionary elements, then provides the 
requirement for and conduct of subsystem development tests, 
structural test vehicle tests, single element flight tests, and mated 
flight tests, as well as mockups of the complete stages and major subsystems 
thereof. Test support is also included in WBS ID 4. 0 including the design, 
development and fabrication of test instrumentation; special test equipment 
provisioning; test support equipment provisioning; test facilities activation, 
provisioning and utilization; and test software design, development, pro- 
curement, provisioning and utilization. Systems engineering required to 
define and support WBS ID 4. 0 test and evaluation is defined under WBS ID 
5. 0. Design and manufacturing engineering needed to support WBS ID 
4. 0 test and evaluation is defined under WBS ID 1. 0. Ground support 
equipment (OGE, MGE, DMGE) design and manufacturing /mate riel 
engineering needed to support WBS ID 4. 0 test and evaluation are defined 
under WBS ID 2. 0, 3.0 and 8.0. 

IV. ' DESIGN REQUIREMENTS 

The elements under WBS ID 4. 0 which require design include test 
instrumentation, special test equipment, test software, test facility 
modification, and mockups. As appropriate, design requirements on 
these elements will be specified at lower levels under WBS ID 4. 0. 

V. REFERENCES 
{To be added. ) 
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PROGRAM TITLE 


PROGRAM 


WBS NO. 4. 1 

TASK TITLE STAGE II SUBSYSTEM 
DEVELOPMENT TESTS 
LEVEL 4. System Level 


WBS DICTIONARY' 


REQUIREMENTS 

Development tests are required of Stage II subsystems (see Figure 1. S-W-S, 
Vol. II) which effectively complete Category I tests and enable flight test to 
proceed. A complementary set of Category I tests on Stage II includes major 
Structural Tests, WES ID 4. 3. 

Stage II Development Tests will be contractor -conducted, NASA controlled, 
and will demonstrate performance, reliability, maintainability, safety and 
integrity of Stage -II subsystems, including components, modules and 
assemblies thereof. In addition, preliminary performance, operating 
characteristics and qualitative adequacy of the system, subsystem and end 
items will be developed. 

Other objectives which will be niet by these tests include: (a) preliminary 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAIL SCHEDULES 
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compatibility checks of interfacing components, modules, assemblies and 
subsystems; (b) preliminary supportability requirements evaluation; (c) 
preliminary training requirements evaluation; (d) preliminary software 
requirements evaluation; (e) preliminary reliability, maintainability and 
safety criteria evaluation; (f) adequacy of design and modifications to 
design resulting from design deficiencies and/or design improvements; 

(g) procedures development for both normal and emergency utilization 
of vehicle and ground support hardware /software; and (h) data needed to 
generate statistical histories as a basis for on-board and ground software for 
pre-flight, in-flight and post-flight operations and maintenance. 

II. SUBSYSTEM-LEVEL DEFINITION 

As noted on Figure 4. O-W-5, fourteen elements comprise the subsystem- 
level definition of Stage II Subsystem Development Tests. These elements 
form the end items of Category I tests resulting from single subsystem 
development tests which are part of each subsystem as noted in WBS 
Dictionary Element 1. 3, Para. VI. Whereas WBS ID 1. 3. 2, 1. 3. 3, .... 
1.3.13 tests are unique to components and sub -assemblies of each subsystem, 
WBS ID 4.1 tests are generally unique to one or more subsystems, with the 
exception of Airframe and Structure where, due to the complex interactions 
of this subsystem with other subsystems, it is essential that complete air- 
worthiness and design integrity be verified in both WBS ID 4,1 and 4. 3 prior 
to fabricating flight test vehicles. To a similar extent, propulsion and power 
plant also require full development testing prior to commiting these elements 
to flight test. 

The fourteen subsystem level elements are as follows: 

4.1.1 Test Planning 

4.1.2 Prototype Equipment 

4. 1. 3 Models 

4. 1. 4 Wind Tunnel Tests and Evaluation 

4.1.5 Static Tests and Evaluation 

4.1.6 Dynamic Tests and Evaluation 

4.1.7 Proof and Thermal Tests and Evaluation 

4.1.8 Engine Tests and Evaluation (Including PFRT) 
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4.1.9 

Integrated Ground Tests and Evaluation 

4.1.10 

Test Instrumentation 

4. 1. 11 

Test Equipment 

4.1.12 

Test Support Equipment 

4. 1. 13 

Test Facilities Utilization 

4.1.14 

Development Test Software 


III. FUNCTIONAL DESCRIPTION 

WBS ID 4,1 is a composite of hardware, software, procedures, test 
facilities, logistics support and test personnel which together comprise 
the development test program for Stage II subsystems (WBS ID 1. 3. 2 
through 1.3.13). Inasmuch as the Advanced Space Transport Program 
objectives (WBS Dictionary Element 0. 0} are to provide 10-year operations 
using manned, reusable two-stage Air Vehicles to transport GFE payloads 
from earth to near-earth space, to retrieve certain payloads from space, 
and to successfully return therefrom to earth for recycle to the next 
mission, it is necessary that development tests be performed which both 
demonstrate maximum design capability as well as demonstrate life cycle 
capability. 

The Level I and II requirements specified in WBS Dictionary Element 0. 0, 
Para. IV. A and B, and in WBS Dictionary Element 1.3, Para. IV, 
effectively establish the general requirements which WBS ID 4. 1 shall 
verify for Stage II subsystems prior to committing these subsystems to 
system tests (Category II tests). 

The following table summarizes the tests which need to be conducted under 
WBS ID 4.1. Details of these tests will be specified after Phase C go-ahead. 
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TEST SUPPORT 

The preceding tests will be conducted at Government and Contractor test 
facilities in accordance with the adopted Test Plan (WBS ID 5. 0). Test 
support will include the need for test instrumentation calibrated to measure 
the desired parameter within the specified accuracy required, test 
equipment including necessary software, and test support equipment 
including environmental simulation required. Test requirements and 
test procedures will be based on CEI Part I/II specifications as applicable. 
Test articles will, in most cases, be prototype hardware. If test results 
are to qualify the hardware /software for flight, necessary procedures shall 
be adhered to and tests witnessed so as to ensure results are officially 
recognized as representing flight hardware and simulated flight environment. 

REFERENCES 

(To be added. ) 
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LEVEL 5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 1. ) 


TASK SCHEDULE MILESTONES 


PERIOD 

MONTHS 12 I 13 I 14 j 15 I 16 | 17 I 18 [ 19 { 20 I 21 I 22 
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TASK TITLE MODELS (STAGE- II) 

(TEST) 

level 5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 1. ) 


TASK SCHEDULE MILESTONES 
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WBS NO. 4.1.4 


TASK TITLE WIND TUNNEL TESTS & 


LEVEL 


EVALUATION (STAGE II) 
5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 1. ) 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 


WIND TUNNEL TEST 
<LOW SPEED) 
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TASK TITLE STATIC TESTS fa 

EVALUATION (STAGE n) 


LEVEL 5, Subsystem Level 

WBS DICTIONARY 


{Definition not provided. See WES Dictionary Element 4. 1. ) 
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TASK TITLE DYNAMIC TESTS &: 

EVALUATION (STAGE II) 


LEVEL 5, Subsystem Le-vel 

WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 1. ) 


TASK SCHEDULE MILESTONES 
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WBS NO. 4.1.7 


TASK TITLE PROOF & THERMAL TESTS 
& EVALUATION (STAGE H) 


level 5, Subsystem Level 

WBS DICTIONARY 


(Description not provided. See WBS Dictionary Element 4. 1. ) 


TASK SCHEDULE MILESTONES 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 4. 2 


TASK TITLE STAGE I SUBSYSTEM 


LEVEL 


DEVELOPMENT TESTS 
4. System Level 


WBS DICTIONARY 


REQUIREMENTS 

Development tests are required of Stage I subsystems (see Figure 1.4-W-3, 
Vol. Ill) which effectively complete Category I tests and enable flight test to 
proceed. A complementary set of Category I tests on Stage I includes major 
Structural Tests, WBS ID 4.4. 

Stage I Development Tests will be contractor -conducted, NASA controlled, 
and will demonstrate performance, reliability, maintainability, safety and 
integrity of Stage I subsystems, including components, modules and 
assemblies thereof. In addition, preliminary performance, operating 
characteristics and qualitative adequacy of the system, subsystem and end 
items will be developed. 

Other objectives which will be met by these tests include: (a) preliminary 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAIL SCHEDULES 
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compatibility checks of interfacing components, modules, assemblies and 
subsystems; (b) preliminary supportability requirements evaluation; (c) 
preliminary training requirements evaluation; (d) preliminary software 
requirements evaluation; (e) preliminary reliability, maintainability and 
safety criteria evaluation; (f) adequacy of design and modifications to 
design resulting from design deficiencies and/or design improvements; 

(g) procedures development for both normal and emergency utilization of 
vehicle and ground support hardware /software; and (h) data needed to generate 
statistical histories as a basis for on-board and ground software for 
pre -flight, in-flight and post-flight operations and maintenance. 

II. SUBSYSTEM-LEVEL DEFINITION 

As noted on Figure 4. O-W-5, fourteen elements comprise the subsystem- 
level definition of Stage I Subsystem Development Tests. These elements 
form the end items of Category I tests resulting from single subsystem 
development tests which are part of each subsystem as noted in WBS 

Dictionary Element 1. 4, Para. VI. Whereas WBS ID 1. 4. 2, 1.4.3 

1.4,13 tests are unique to components and sub-assemblies of each subsystem, 
WBS ID 4. 2 tests are generally unique to one or more subsystems, with the 
exception of Airframe and Structure where, due to the complex interactions 
of this subsystem with other subsystems, it is essential that complete air- 
worthiness and design integrity be verified in both WBS ID 4. 2 and 4.4 prior 
to fabricating flight test vehicles. To a similar extent, propulsion and power 
plant also require full development testing prior to commiting these elements 
to flight test. 

The fourteen subsystem level elements are as follows; 

4.2.1 Test Planning 

4.2.2 Prototype Equipment 

4. 2. 3 Models 

4.2. 4 Wind Tunnel Tests and Evaluation 

4.2.5 Static Tests and Evaluation 

4. 2. 6 Dynamic Tests and Evaluation 

4.2.7 Proof and Thermal Tests and Evaluation 

4.2.8 Engine Tests and Evaluation (Including PFRT) 
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4.2. 9 

Integrated Ground Tests and Evaluation 

4.2.10 

Test Instrumentation 

4.2.11 

Test Equipment 

4.2.12 

Test Support Equipment 

4.2.13 

Test Facilities Utilization 

4.2.14 

Development Test Software 


III. FUNCTIONAL DESCRIPTION 

WBS ID 4, 2 is a composite of hardware, software, procedures, test 
facilities, logistics support and test personnel which together comprise 
the development test program for Stage I subsystems (WBS ID 1. 4. 2 
through 1. 4. 13). Inasmuch as the Advanced Space Transport Program 
objectives (WBS Dictionary Element 0. 0) are to provide iO-year operations 
using manned, reusable -two-stage Air Vehicles to transport GFE payloads 
from earth to near-earth space, to retrieve certain payloads from space, 
and to successfully return therefrom to earth for recycle to the next 
mission, it is necessary that development tests be performed which both 
demonstrate maximum design capability as well as demonstrate life cycle 
capability. Stage I*s mission is defined in WBS Dictionary Element 1.4 
(Vol. III). 

The Level I and II requirements specified in WBS Dictionary Element 0. 0 
Para. IV. A and B effectively establish the general requirements which WBS 
ID 4. 2 shall verify for Stage I subsystems prior to committing these sub- 
systems to system tests (Category II tests). 

The following table summarizes the tests which need to be conducted under 
WBS ID 4.2. Details of these tests will be specified after Phase C go-ahead. 
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IV. TEST SUPPORT 

The preceding tests will be conducted at Government and Contractor test 
facilities in accordance with the adopted Test Plan (WES ID 5. 0). Test 
support will include the need for test instrumentation calibrated to measure 
the desired parameter within the specified accuracy required, test 
equipment including necessary software, and test support equipment 
including environmental simulation required. Test requirements and test 
procedures will be based on CEI Part I/II specifications as applicable. 

Test articles will, in most cases, be prototype hardware. If test results 
are to qualify the hardware /software for flight, necessary procedures shall 
be adhered to and tests witnessed so as to ensure results are officially 
recognized as representing flight hardware and simulated flight environment. 

V. REFERENCES 
(To be added. ) 
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TASK title models (STAGE I) 
(TEST) 
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WBS NO. 4.2.4 

TASK TITLE WIND TUNNEL TESTS 

EVALUATION (STAGE I) 


LEVEL 


5. Subsystem Level 


WBS DICTIONARY 


(Defimtion not provided. See WBS Dictionary Element 4. 2, ) 


MONTHS 


PERIOD 

ENDING 


TASK SCHEDULE MILESTONES 


8 , 9 10 11 12 



WIND TUNNEL TEST 
(LOW SPEED) 


WIND TUNNEL TEST 
(HIGH SPEED) 



TEST COMPL. 
DESIGN VERIFIED 


TEST COMPL. 
DESIGN VERIFIED 


(ANAL &DEVEL OF DESIGN CRITERIA) 
(EVALUATION OF CONFIGURATION CHANGES) 
(CONFIRM ANALYTICALLY PREDICTED PER 
PERFORMANCE AND DESIGN ENVIROHMEHT) 
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W8S NO. 4.2.5 

TASK TITLE STATIC TESTS St 

EVALUATION (STAGE I) 

LEVEL 5, Subsystem Level 


WBS DICTIONARY 



TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 


27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 



I 1 I I I I 1 I I ! L.L 

NOTE- SINGLE ELEMENT TEST (I E. WING) CAN BE STARTED 
AS FOLLOWS AFTER GO-AHEAD 

(TANKS 17 MO . NOSE SECT. 18 MO . AFT SECT 21 MO , 
WING 23 MO., NOSE & MLG 24'MO.) 
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WBS NO. 4.2,6 

TASK TITLE DYNAMIC TESTS h. 

EVALUATION (STAGE I) 

LEVEL 

WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 2. ) 


TASK SCHEDULE MILESTONES 
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SINGLE ELEMENT TEST (1 E. WING) CAN BE STAB 
AS FOLLOWS AFTER GO-AHEAD 
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PROGRAM 


WBS NO. 4. 2. 7 

TASK TITLE PROOF & THERMAL TESTS 


LEVEL 


& EVALUATION fSTAGE I) 
5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 2, ) 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 



28 29 ' 30 31 32 33 34 35 - 36 37 38 39 40 41 42 43 44 


PROOF & THERMAL TEST & 
EVALUATION 



NOTE- SINGLE ELEMENT TEST (I.E, WING) CAN BE STARTED 
AS FOLLOWS AFTER GO-AHEAD 
(TANKS 17 MO-, NOSE SECT. 18 MO., AFT SECT. 21 MO., 
WING 23 MO., NOSE & MLG 24 MO.) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 4. 3 

TASK TITLE STAGE H STRUCTURAL 

TESTS 

LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


In addition to Subsystem Development Tests, major structural tests are 
required of Stage II to complete Category I testing on Stage II prior to 
producing Flight Test Vehicles to be used for Category II (System) tests. 
Certain structural tests (tankage, partial structure) are defined under 
WBS ID 4.1, Remaining structural development tests are included herein. 

The Stage II Structural Tests shall, to the extent deemed necessary, demon- 
strate the structural integrity of full scale primary and secondary structure 
of this stage of the Air Vehicle under simulated maximiim design loads with 
safety margins as well as demonstrate capability to meet the life cycle loads 
encountered'^throughout flight test plus 10-year operations (WBS Dictionary 
Element 0. 0). 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOB DETAIL SCHEDULES 
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II. SUBSYSTEM-LEVEL DEFINITION 


Six major elements are required (see Figure 4. O-W-5) at the subsystem 
level to define Stage II Structural Tests, These elements are: 


4.3.1 

Test Planning 

4.3,2 

Structural Test Vehicle 

4.3.3 

Structural Test and Evaluation 

4.3.4 

Test Instrumentation 

4.3.5 

Test Equipment 

4.3,6 

Test Facilities Utilization 


III. FUNCTIONAL DESCRIPTION 


The objectives of Stage II Structural Tests are to demonstrate, on a full 
scale structural test article (or articles), the capability of primary and 
secondary structure to withstand both ground -induced (transportation and 
handling, principally) and flight induced loads and pressures which reflect 
pre -launch, launch, ascent, separation, injection, translation, rendezvous 
and docking, deorbit, reentry, transition, cruise, approach, landing and’ 
ferry flights on a recyclable basis. 

These tests will consist of fatigue and cyclic load tests which, with safety 
margins, will ensure expected loads and pressures (internal as well as 
external) can be dissipated throughout the load carrying members without 
failure, undue stress, unwanted strain or creep, and with return to the 
original shape once the loads or pressures are removed. 

The structural test article shall consist of the fuselage and aerodynamic 
surfaces (wing and vertical stabilizer) less thermal protection system, 
unless same is considered primary or secondary structure. Main tankage, 
if It integral structure, shall be included. The pressure vessel crew/ 
equipment compartment need not be included as part of the test article. 
Landing gear are not required for this test. If the two major positions 
(vertical and horizontal) of the test vehicle can not both be handled 
effectively, one or the other may be selected by NASA to demonstrate 
structural integrity so long as the test employs anticipated loads along 
all affected axes. 
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IV. TEST SUPPORT 

The objectives for these tests will be developed in Phase C/D under 
WBS ID 5. 0. Specific test plans and objectives will be covered under 
WBS ID 4. 3 to cover day-to-day requirements. The test hardware will 
be prototype full scale airframe and structure produced under WBS ID 
1. 3.2.1, Integration and Assembly, Airframe and Structure, Stage II. 
Test instrumentation will consist of contractor -furnished load application 
devices (torsion, tension, compression). Test equipment will consist of 
contractor-furnished load and strain measuring and recording systems, 
data acquisition systems and capability for computer-controlled test and 
data acquisition. Test support will include contractor -furnished fatigue 
loading systems. Test facilities will include a structural test facility, 
power, and a support laboratory. Software, if required, will be that 
necessary to control static, fatigue and creep load tests as well as that 
for implementing data acquisiton, processing, recording and evaluation. 

V. REFERENCES 
(To be added. ) 
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INPUTS 




outputs 



LEVEL 5, Subsystem Level 


WBS DICTIONARY 



TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 



STRUCTURAL TEST 
{TOTAL VEHICLE) 


32 33 34 35 36 37 38 39 40 41 42 



MISC. LOAD APPLICATION DEVICES (FOR VARIOUS SIZE 
AND SHAPE SPECIMENS - TORSION, TENSION, COMPRESSION) 
MISC. ENVIRONMENTAL TEST EQUIP 
HEAT APPLICATION DEVICES 

LOAD, STRAIN AND TEMPERATURE MEASURING AND 
RECORDING SYSTEMS 

FATIGUE LOADING AND MEASURING SYSTEMS 

DATA ACQUISITION SYSTEMS 

COMPUTER CONTROLLED TEST AS REQUIRED 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO 4. 4 


TASK TITLE STAGE I STRUCTURAL 
TESTS 


LEVEL 


4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

In addition to Subsystem Development Tests, major structural tests are 
required of Stage I to complete Category I testing on Stage I prior to 
producing Flight Test Vehicles to be used for Category II {System) tests. 
Certain structural tests (tankage, partial structure) are defined under 
WBS ID 4.2, Remaining structural development tests are included herein. 

The Stage I Structural Tests shall, to the extent deemed necessary, demon- 
strate the structural integrity of full scale primary and secondary structure 
of this stage of the Air Vehicle under simulated maximum design loads with 
safety margins as well as demonstrate capability to meet the life cycle loads 
encountered throughout flight test plus 10-year operations (WBS Dictionary 
Element 0. 0). 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAIL SCHEDULES 
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II. SUBSYSTEM-LEVEL DEFINITION 

Six major elements are required (see Figure 4. O-W-5) at the subsystem 
level to define Stage I Structural Tests. These elements are: 


4. 4.1 

Test Planning 

4. 4. 2 

Structural Test Vehicle 

4.4.3 

Structural Test and Evaluation 

4.4.4 

Test Instrumentation 

4. 4.5 

Test Equipment 

4.4.6 

Test Facilities Utilization 


III. FUNCTIONAL DESCRIPTION 

The objectives of Stage I Structural Tests are to demonstrate, on a full 
scale structural test article (or articles), the capability of primary and 
secondary structure to withstand both ground- induced loads and pressures 
which reflect pre-launch, launch, ascent, separation, coast and maneuver to 
reentry point, reentry, transition, cruise, approach, landing and ferry 
flights on a recyclable basis. 

These tests will consist of fatigue and cyclic load tests which, with safety 
margins, will ensure expected loads and pressures (internal as well as 
external) can be dissipated throughout the load carrying members without 
failure, undue stress, unwanted strain or creep, and with return to the 
original shape once the loads or pressures are removed. 

The structural test article shall consist of the fuselage and aerodynamic 
surfaces (wing, canard, and vertical stabilizer) less thermal protection 
system, unless same is considered primary or secondary structure. Main 
tankage, if it integral structure, shall be included. The pressure vessel 
crew /equipment compartment need not be included as part of the test 
article. Landing gear are not required for this test. If the two major 
positions (vertical and horizontal) of the test vehicle can not both be handled 
effectively, one or the other may be selected by NASA to demonstrate 
structural integrity so long as the test employs anticipated loads along 
all affected axes. A need to simulate Stage II plus zero -to -maximum 
payload will be required to simulate Air Vehicle assembly (VAB), move- 
ment on the Launch Umbilical Tower to the pad, pre -launch standby, 
countdown operations and fuel loading, launch firing, ascent and staging. 
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IV. TEST SUPPORT 

The objectives for these tests will be developed in Phase C/D under 
WBS ID 5. 0. Specific test plans and objectives will be covered under 
WBS ID 4.4 to cover day-to-day requirements. The test hardware will 
be prototype full scale airframe and structure produced under WBS ID 
1.4. 2.1, Integration and Assembly, Airframe and Structure, Stage I. 

Test instrumentation will consist of contractor -furnished load application 
devices (torsion, tension, compression). Test equipment will consist of 
contract or -furnished load and strain measuring and recording systems, 
data acquisition systems and capability for computer -controlled test and 
data acquisition. Test support will include contractor -furnished fatigue 
loading systems. Test facilities will include a structural test facility, 
power, and a support laboratory. Software, if required, will be that 
necessary to control static, fatigue and creep load tests as well as that 
for implementing data acquisition, processing, recording and evaluation. 

V. REFERENCES 
(To be added. ) 
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PROGRAM TITLE 


\/OUOHT MI&&IL-E& 
AMD &PADE CDMF^ANY 


ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE ^ OF L_ 

WBS NO. 4 , 4. 3 

TASK TITLE STRUCTURAL TEST &: 

EVALUATION (STAGE I) 
LEVEL 5. Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 4, ) 


TASK SCHEDULE MILESTONES 


PERIOD 

MONTHS I 27 ] 28 I 29 j 30 I 31 | 32 I 33 I 34 I 35 I 36 | 37 I 38 I 39 I 40 I *1 1 42 I 43 I 44 


STRUCTURAL TEST 
ITOTAL VEHICLE) 




NOTE: MISC LOAD APPLICATION DEVICES (FOR VARIOUS SIZE 

AND SHAPE SPECIMENS - TORSION. TENSION, COMPRESSION) 
MISC. ENVIRONMENTAL TEST EQUIP. 

HEAT APPLICATION DEVICES 

LOAD, STRAIN AND TEMPERATURE MEASURING AND 
RECORDING SYSTEMS. 

FATIGUE LOADING AND MEASURING SYSTEMS 

DATA ACQUISITION SYSTEMS 

COMPUTER CONTROLLED TEST AS REQUIRED 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
STUDY 


WBS NO 4. 5 


TASK TITLE STAGE U FLIGHT TESTS 
(SGD. ELEMENT) 


LEVEL 


4. System Le ve 1 


WBS DICTIONARY 


REQUIREMENTS 

A need exists to flight test Stage II of the Space Transport Air Vehicle prior 
to Air Vehicle (mated) flight test. This phase of development of the Advanced 
Space Transport Program shall verify both the horizontal flight capability of 
Stage II as well as the Stage's ground support capability, representing those 
phases of the operational mission involving single element operation, i. e. 
cruise to the landing site, approach and land, under either automatic or 
manual flight mode. In addition, ferry flight capability will be verified. 
Simulation of full payload capability shall also be demonstrated. 

In addition to horizontal flight test, Stage II shall demonstrate its vertical 
flight capability with ascent (main) engine power. With NASA's approval, 
vertical flight capability may be limited to hold-down full thrust firing with 
all subsystems operational. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 


SEE LOWER LEVELS FOR DETAIL SCHEDULES 



182 







\^<Z>UOH~r 

vA/VO COMPANY 


WBS CODE 4. 5 p 2 OF 5 


These requirements apply to each flight test vehicle (FTV) developed. 

II. SUBSYSTEM-LEVEL DEFINITION 

Seventeen major elements at the subsystem level are identified to define the 
single element Stage II Flight Test program (see Figure 4. O-W-5). These 
elements, in descending order, are time -phased insofar as testing is con- 
cerned and represent steps which must be performed prior to accomplishing 
the next step. The tests noted apply to each FTV developed. 


4.5.1 

Test Planning 

4,5.2 

Stage II Flight Test Vehicles 

4.5.3 

Integrated Checkout 

4.5.4 

Pre “Flight Tests and Evaluation 

4.5.5 

Ferry Tests and Evaluation 

4.5.6 

Horizontal Flight Test and Evaluation 

4.5.7 

Vertical Flight Test and Evaluation* 

4.5.8 

Test Kit Instrumentation 

4.5.9 

Test Equipment 

4.5.10 

Test Support Equipment 

4.5.11 

Flight Crew 

4.5.12 

Consvimables 

4.5.13 

Engine Simulators 

4.5,14 

Stage II Spares & Reparable Parts (Test) 

4.5.15 

On-Board Software (Test) 

4.5.16 

Ground Software (Test) 

4.5.17 

Test Facilities Utilization 


^Static Firing, only (Hold Down )( NASA Approval 
required) 

III. FUNCTIONAL DESCRIPTION 

A preliminary Test Plan has been prepared during Phase B for flight testing 
Stage II. This plan will be updated, approved and released in Phase C/D (WES 
ID 5.0) as the basis for conducting Category II tests on both Stage II and on 
Stage I (single element tests) and on the Air Vehicle (mated flight test). This 
Test Plan will specify what tests are to be conducted, what requirements are 


183 



X/^OUGHT MIS&IL.EG 
AND spade: CDMEANY 


WBS CODE 4,5 


P ^ OF 5 


to be met (performance, reliability, maintainability, safety, operability, 
support ability, etc, ), where the tests are to take place, against what schedule, 
and what support shall be provided. These requirements will be specified 
per Flight Test Vehicle (FTV), Any changes in design (vehicle, support) 
resulting from these tests shall be incorporated into the designs as specified 
by the change board, including NASA approval thereof. If the change is 
significant, repetition of a specific test shall be at the discretion of NASA, 
subject to renegotiation of effort on costs and schedules as stated in the 
major supplier's contract agreement. 

Significant areas to be demonstrated in the single element flight test 
program are noted in the matrix of tests shown on the next page, 

IV. TEST SUPPORT 

The major elements to be tested, in addition to Stage II, OGE and MGE/ 

DMGE, are the consumable requirements (ABES engine fuel, lubricants, 
hydraulics fluid, greases, main engine propellants, purge gases, condition- 
ing propellants), the test software (on-board, ground), and the total integration 
of vehicle with ground. Although single element flight test does not exercise 
Stage II in its total environment, it still offers the opportunity to verify 
horizontal performance and, through static firing of its main engines, enables 
exercise of integrated main propulsion, flight control, data management, 
and structural integrity. Ground support (operating and maintenance) 
capability can be verified for both pre -flight and post-flight operations. 
Automatic guidance can be only partially verified (approach and landing). 

The same is true for Communications, Command and Control, and Data 
Processing. Full checkout of Stage II and its support elements are exercised 
in WBS ID 4. 7. 

It should be noted that the vertical flight simulation is dependent on activating 
the launch site (see WBS ID 4. 7. 1.1.1). Similarly, any use of modified 
recovery sites necessitates activating these for the single element test 
program (see WBS ID 4. 7.3.1. 1). Likewise, the turnaround facility must 
be activated to support the vertical flight test simulation (WBS ID 4. 7. 3. 3.1), 
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PROGRAM TEST 

MAJOR PROGRAM ELEMENT TESTED 

WBS 

ID 

TITLE 

STAGE II 
(WBS ID 1. 3) 

OGE 

(WBS ID 2. 0) 

MGE/DMGE 
(WBS ID 3. 0/8. 0) 

4.5.1 

Test Planning 

Dociunentation 

Command & 

Control, 

Documentation 

Documentation 

4.5.2 

Stage II FTVs 

Producibility 
(Integration & 
Assy, WBS 
ID 1.3.1) 

Pr ocur ability, 

Verification, 

Installation 

Pr ocur ability, 

Verification, 

Installation 

4.6.3 

Integrated 

Checkout 

On-Board 
Software 
Capability to 
Verify "Go" 

Data Process- 
ing 

Ground Support 
Capability to 
Assist in Integrated 
Checkout 

4.5.4 

Pre -Flight 
Tests & 
Evaluation 

Taxi, Simulated 
Takeoff & Land- 
ing, Ground 
Effects, Weight 
& Balance, 
Power Control, 
Subsystem 
Performance, 
Handling 
Qualitie s 

Command & 
Control, Data 
Pr oces sing, 
Communica- 
tions Test 
(Recovery) 

Ground Support 
Capability to assist 
in pre -flight; 
maintenance support; 
spares support 

4.5.5 

Ferry Tests 
and Evalua- 
tion 

Takeoff, Cruise, 
Approach, Land. 
F erry Kit per- 
formance. Sub- 
system perform- 
ance. Flying 
qualitie s . 
Telemtry check- 
out 

Command & 
Control; Com- 
munications; 
Sur veillanc e , 
Identification, 
Tracking; Data 
Processing; 
Recovery 
Equipment 
checkout 

Maintainability, 
Supportability, 
Logistics checkout 
(transport needed 
MGE). Spares 
support 
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PROGRAM TEST 

MAJOR PROGRAM ELEMENT TESTED 

WBS 

ID 

TITLE 

STAGE II 
(WBS ID 1.3) 

OGE 

(WBS ID 2. 0) 

MGE /DMGE 
(WBS ID 3. 0/8. 0) 

4.5.6 

Horizontal 
Flight Test 
& Evalua- 
tion 

T ake off , ’Climb 
Cruise, Descent, 
Land(auto. vs 
manual). Crew 
tr aining . Flight 
margins check- 
out. Subsystem 
performance. 
Failure report- 
ing capability 

C & C; full 
Recovery 
Communica- 
tions; Surv. , 
Ident. , Track; 
Data Process- 
ing; Recovery 
Equipment 

Maintainability 
(MGE, DMGE); 
Spares Support 

4.5.7 

Vertical 
Flight Test 
& Evaluation 

Main Engine 
performance 
(integrated). 
Acoustic/ vibr a - 
tion levels. 
Structural in- 
tegrity. Sub- 
system per- 
formance 

C & C (Launch); 
Communic a - 
tions (Launch); 
Data Process- 
ing (Launch); 
Launch Equip- 
ment 

M aintainability 
(Pre -Launch, 
Launch); Spares 
Support 


If main engines are not installed for horizontal flight test or ferry flights, a 
mass simulator is required {WBS ID 4.5,13), 


The developmental instrumentation and telemetry package shall be designed 
as removable following completion of all flight test, it being NASA’s desire 
to retrofit each FTV into an operational vehicle at the completion of each 
FTV's test program (see Figure 4. O-W-5, WBS ID 4.5.8 and 4.7.3.1.12), 

Test facilities are to be defined following Phase C go-ahead. Candidate 
facilities for this phase of the test program include the following: 


TEST OPERATION 


LOCATION 


Pre -Flight Tests 
Ferry Tests 
Horizontal Flight Test 
Vertical Flight Test 


Contractor Facilities 
Contractor Facilities -to-EAFB 
EAFB 

KSC, WTR, Inland Sites 


V. REFERENCES 


(To be added, ) 
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PROGRAM 


TASK TITLE STAGE II PLIGHT TEST 
VEHICLE 
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WBSNO. 4«5.3 


PROGRAM 


TASK TITLE INTEGRATED CHECKOUT 
(STAGE II) 


LEVEL 5. Subsystem Level 



TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 


INTEGRATED 

CHECKOUT 


LJ l_J I 1 

START INTEGRATED SUBSYSTEM C/0 ! j 

CREW COMPARTMENT LEAK CHECK I * i 

FLIGHT PERSONNEL PROVISIONS CHECKOUT I 

ALIGN ALL ACTUATORS a FILL HYD RESERVOIR 

ELEC POWEr'c*^ engine VALVES, HINGES a MANUAL CONTROL i 

I landing SUBSYSTEMS i I [ j ' f 

EMERGENCY LANDING GEAR OPERATIONS ! i 

BOOSTER FLANGE INTERFACE C/O I I * 

DOCKING SYS FUNCTIONAL C/O ' I '< 

PAYLOAD DEPLOYMENT ! I ! 

j SERVO-LOOPS a CONTROL VALVES 
LAND ING GEARS | | • 

3 1 I I I 

NOSE WHEEL STEERING 
ELECTROMAGNETIC COMPATIBILITY I 
ENV. CONTROL a LIFE SUPPORT SUBSYSTEM 
COMMUNICATIONS I | , 

SOFTWARE i I ! 

CABIN LEAK C/O I ! ! ' 

SPECIAL INSTRUMENTATION I i 

•HYDRAULIC SYS. (COMPLETE) > . ' 

CONTROLS a DISPLAYS I ! i , . 
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PROGRAM TITLE 
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ADVANCED SPACE TRANSPORT 


WBS NO. 4.5.4 


PROGRAM 


OF 1 


TASK TITLE PRE -FLIGHT TESTS 

EVALUATION (STAGE II) 


LEVEL 5. Subsystem. Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4,5. } 


TASK SCHEDULE MILESTONES 


months 


PERIOD 

ENDING 




J I I I J 1 J I - i „ 

START GROUND TEST (PRE-FUGHT) 

MASS PROPERTIES 
GROUND VIBRATION TEST 
LANDING GEAR PROOF LOAD 
FLIGHT CONTROLS PROOF LOAD 
MOVE TO ENGINE RUN PAD 

APU & FUEL CELL CBYO LOAD & QUAN GAGE CALIBR 
APU & FUEL CELL OPS & SUBSYSTEM C/0 
ABES FUEL SYSTEM CALIBRATION 
ABES GROUND RUNS SUBSYSTEM C/0 
PRE-FLIGHT OPERATIONS & SERVICING 
TAXI AND BRAKING TEST 
POST & PRE-FLIGHT OPERATIONS & SERVICING 
* I I 


TO FERRY FLIGHT 
(1ST HORIZONTAL FLIGHT) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 4, 5. 6 

TASK TITLE HORIZONTAL FLIGHT TES 
AND EVALUATION (STG II ] 

LEVEL 5, Subsystem LeveJ^ 


REQUIREMENTS 

A need exists to demonstrate the horizontal flying qualities of Stage II prior 
to committing each Flight Test Vehicle (FTV) to manned orbital flight test. 

This demonstration shall be performed: (1) to verify performance of and 
provide crew training with each FTV, as specified in CEI specifications on 
Stage subsystems which are operational during reentry from space missions; 
(2) to verify automatic vs manual flight modes; (3) to verify ABES Propulsion 
performance for powered flight; (4) to verify non-powered approach and landing 
capability; (5) to verify compatibility between on-board and ground-based 
communications and navaids; (6) to verify air-data accuracy as inputs to 
guidance, navigation and flight control; (7) to verify flying qualities with zero- 
to-maximum payload simulations; (8) to demonstrate go-around capability and 
performance during approach and landing; (9) to verify data management, 
capability to switch guidance modes, monitor subsystem performance and 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 


ri 



48 



47 j 48 j 49 50 51 52 53 54 55 56 57 58 59 | 60 


FIRST FERRY FLIGHT | [ | 

START HORIZONTAL FLIGHTS 

(STABILITY & CONTROL 
PERFORMANCE 
ABES PROPULSION 
STRUCTURES 

SUBSYSTEM PERFORMANCE 
GUIDANCE & CONTROL 
NIGHT FLIGHTS 

DEAD STICK APPROACH & LANDINGS 
OTHER! 


1 L„ I [ I- f I I - 

START UP-DATE FOR VERTICAL FLIGHT 
I I 1 1 I I I I- 

NOTE THE CEI DESIGN SPECIFICATION WILL BE THE BASIS FOR ALL 
SUBSONIC 8t SUPERSONIC FLIGHT TEST REQUIREMENTS 
SPECIFIED IN THE DETAIL FLIGHT TEST PLANS PREPARED 
DURING PHASE C/D 
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status and to display this status for crew utilization; (10) to demonstrate 
control capability from either crew station for emergency simulation; 

(11) to demonstrate safe landing capability under specified weather conditions 
(visibility, cross winds, wet fields), air traffic status, and on-board status 
when such status may be marginal such as engine out, secondary power 
malfunctions, etc.; and (12) to demonstrate ground handling capability for 
takeoffs, landings, parking, crew /passenger /payload /data removal. As 
directed by NASA, additional demonstrations may be required to verify 
compatibility of the FTV with alternate landing sites for both crew 
familiarization and with integrated vehicle /ground support elements 
(communications, navaids, ground handling problems). 

II. ASSEMBLY LEVEL DEEINITION 

The assembly-level elements which comprise horizontal flight test will be 
developed in Phase C/D. In a sense, they are FTY-oriented, in that each 
vehicle will have its own set of tests to be conducted,. Current concepts are 
for either two or three FTVs to be built and flown. One may be dedicated 
to horizontal flight test to "wring out" any problems that may appear as well 
as thoroughly exercise the flying qualities of this Stage under ail design 
margins (pitch, roll or bank, yaw, stall, min/max cruise capability for 
red-lining aerodynamic flight, flare specifications, power setting, antenna 
placements, speed brake settings, flap settings, flight control and flight 
instrument qualities and accuracies, pilot visibility acceptability, etc. ). 
Other FTVs then would buildup sufficient hours only to verify major require- 
ments are met, relying on the dedicated FTV to resolve any problems to in- 
corporate these either as "CAUTION" items or, if the problem is major, to 
hold further flight testing until the problem is resolved and remains as a 
"CAUTION" item or is redesigned into a mod kit. 

Accordingly, a tentative assembly-level designation is as follows: 

4.5. 6.1 Stage II FTV No. 1 Test and Evaluation 

4.5. 6.2 Stage II FTV No. 2 Test and Evaluation 

4. 5. 6. 3 Stage II FTV No. 3 Test and Evaluation=5^ 

^Assumes 3 FTVs are required. 
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m. FUNCTIONAL. DESCRIPTION 
(To be added. ) 

IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
STUDY 


PAGE 1 OF 5 

WBS NO. 4. 6 

TASK TITLE STAGE I FLIGHT TESTS 


LEVEL 


(SGL. ELEMENT) 
4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

A need exists to flight test Stage I of the Space Transport Air Vehicle prior 
to Air Vehicle (mated) flight test. This phase of development of the Advanced 
Space Transport Program shall yerify both the horizontal flight capability of 
Stage I as well as the Stage's ground support capability, representing those 
phases of the operational mission involving single element operation, i.e. 
cruise to the landing site, approach and land, under either automatic or 
manual flight mode. In addition, ferry flight capability_will be verified. 

In addition to horizontal flight test. Stage I shall demonstrate its vertical 
flight capability with ascent (main) engine power. With NASA's approval, 
vertical flight capability may be limited to hold-down full thrust firing with 
all sybsy stems operational. 

These requirements apply to each flight test vehicle (FTV) developed. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAIL SCHEDULES 
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ri. SUBSYSTEM-LEVEL DEFINITION 

Seventeen major elements at the subsystem level are identified to define the 
single element Stage I Flight Test program (see Figure 4. O-W-5). These 
elements, in descending order, are time-phased insofar as testing is con- 
cerned and represent steps which must be performed prior to accomplishing 
the next step. The tests noted apply to each FTV developed. 


4.6.1 

Test Planning 

4.6. 2 

Stage I Flight Test Vehicles 

4.6.3 

Integrated Checkout 

4.6.4 

Pre -Flight Tests and Evaluation 

4.6.5 

Ferry Tests and Evaluation 

4. 6. 6 

Horizontal Flight Test and Evaluation 

4.6.7 

Vertical Flight Test and Evaluation 

4.6.8 

Test Kit Instrumentation 

4.6. 9 

Test Equipment 

4.6.10 

Test Support Equipment 

4.6.11 

Flight Crew 

4.6.12 

Consumables 

4.6.13 

Engine Simulators 

4.6.14 

Stage I Spares & Reparable Parts (Test) 

4.6.15 

On-Board Software (Test) 

4. 6. 16 

Ground Software (Test) 

4.6.17 

Test Facilities Utilization 


^Static Firing, only (Hold Down)(NASA Approval required) 

III. FUNCTIONAL DESCRIPTION 

A preliminary Test Plan has been prepared during Phase B for flight testing 
Stage I. This plan will be updated, approved and released in Phase C/D (WES 
ID 5. 0) as the basis for conducting Category II tests on both Stage II and on 
Stage I (single element tests) and on the Air Vehicle (mated flight test). This 
Test Plan will specify what tests are to be conducted, what requirements are 
to be met (performance, reliability, maintainability, safety, operability, 
supportability, etc. ), where the tests are to take place, against what schedule, 
and what support shall be provided. These requirements will be specified 
per Flight Test Vehicle (FTV). Any changes in design (vehicle, support) 
resulting from these tests shall be incorporated into the designs as specified 
by the change board, including NASA approval thereof. If the change is 
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significant, repetition of a specific test shall be at the discretion of NASA, 
subject to renegotiation of effort on costs and schedules as stated in the 
major supplier's contract agreement. 

Significant areas to be demonstrated in the single element flight test 
program are noted in the matrix of tests shown on the next page. 

IV. TEST SUPPORT 

The major elements to be tested, in addition to Stage I, OGE and MGE/ 

DMGE, are the consumable requirements (ABES engine fuel, lubricants, 
hydraulics fluids, greases, main engine propellants, purge gases, condition- 
ing propellants), the test software (on-board, ground), and the total integration 
of vehicle with ground. Although single element flight test does not exercise 
Stage I in its total environment, it still offers the opportunity to verify 
horizontal performance and, through static firing of its main engines, enables 
exercise of integrated main propulsion, flight control, data management 
and structural integrity. Ground support (operating and maintenance) 
capability can be verified for both pre -flight and post-flight operations. 
Automatic guidance can be only partially verified (approach and landing). 

The same is true for Communications, Command and Control, and Data 
Processing. Full checkout of Stage I and its support elements are exercised 
in WBS ID 4. 7. 

It should be noted that the vertical flight simulation is dependent on activating 
the launch site (see WBS ID 4. 7. 1.1.1). Similarly, any use of modified 
recovery sites necessitates activating these for the single element test 
program (see WBS ID 4. 7.3.1. 1). Likewise, the turnaround facility must be 
activated to support the vertical flight test simulation (WBS ID 4.7. 3. 3.1). 

If main engines are not installed for horizontal flight test or ferry flights, a 
mass simulator is required (WBS ID 4. 6.13). 

The developmental instrumentation and telemetry package shall be designed 
as removable following completion of all flight test, it being NASA's desire 
to retrofit each FTV into an operational vehicle at the completion of each 
FTV's test program (see Figure 4. O-W-5, WBS ID 4. 6. 8 and 4. 7. 3. 2. 10). 
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PROGRAM TEST 

MAJOR PROGRAM ELEMENT TESTED 

WBS 

ID 

TITLE 

STAGE I 
{WBS ID 1. 4) 

OGE 

(WBS ID 2. 0) 

MGE/DMGE 
(WBS ID 3. 0/8. 0) 

4.6.1 

Test Planning 

Documentation 

Command & 

Control, 

Documentation 

Documentation 

4.6.2 

Stage I FTVs 

Pr oducibility 
(Integration & 
Assy, WBS 
ID 1.4.1) 

Pro cur ability, 

Verification, 

Installation 

Procurability, 

Verification, 

Installation 

4.6.3 

Integrated , 
Checkout 

On-Board 
Software 
Capability to 
Verify "Go” 

Data Process- 
ing 

Ground Support 
Capability to 
Assist in Inte- 
grated Check- 
out 

4.6. 4 

Pre -Flight 
Tests & 
Evaluation 

Taxi, Simulated 
Takeoff & Land- 
ing, Ground 
Effects, Weight 
& Balance, 
Power Control, 
Subsystem 
Performance, 
Handling 
Qualities 

Command & 
Control, Data 
Proces sing , 
Communica- 
tions Test 
(Recovery) 

Ground Support 
Capability to 
assist in pre- 
flight; mainte- 
nance support; 
spares support 

4. 6.5 

Ferry Tests 
and Evalua- 
tion 

Takeoff, Cruise, 
Approach, Land, 
Subsystem per- 
formance . 

Flying qualities. 

Telemetry 

checkout 

Command & 
Control; Com- 
munications; 
Surveillance, 
Identification, 
Tracking; 

Data Process- 
ing; Recovery 
Equipment 
Checkout 

Maintainability, 

Supportability, 

Logistics 

checkout 

(transport 

needed MGE). 

Spares support 


ZOO 
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PROGRAM TEST 

MAJOR ELEMENT TESTED 

WBS 

ID 

TITLE 

STAGE I 
(WBS ID 1.4) 

OGE 

(WBS ID 2.0) 

MGE/DMGE 
(WBS ID 3. 0/8. 0) 

4. 6. 6 

Horizontal 
Flight Test 
& Evalua- 
tion 

Takeoff, Climb 
Cruise, Descent, 
Land(auto. vs 
manual). Crew 
training. Flight 
margins check- 
out. Subsystem 
performance. 
Failure report- 
ing capability 

C & C; full 
Re cove ry 
Communica- 
tions; Surv. , 
Ident. , Track; 
Data Process- 
ing; Recovery 
Equipment 

M amt ainab ility 
(MGE, DMGE); 
Spares Support 

4.6.7 

Vertical 
Flight Test 
& Evaluation 

Main Engine 
performance 
(integrated), 

Ac oustic / vibr a - 
tion levels. 
Structural in- 
tegrity. Sub- 
system per- 
formance 

C & C (Launch); 
Communica- 
tions(Launch); 
Data Process- 
ing (Launch); 
Launch 
Equipment 

M aint ainability 
(Pre -Launch, 
Launch); 
Spares Support 


Test facilities are to be defined following Phase C go-ahead. Candidate 
facilities for this phase of the test program include the following; 


TEST OPERATION 

Pre -Flight Tests 
Ferry Tests 
Horizontal Flight Test 
Vertical Flight Test 

V. REFERENCES 

(To be added. ) 


LOCATION 

Contractor Facilities 
Contractor Facilities -to-EAFB 
EAFB 

KSC, WTR, Inland Sites 
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WBS NO. 4.6.3 


PROGRAM 


TASK TITLE INTEGRATED CHECKOUT 
(STAGE I) 


LEVEL 5, Subsystem L 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4, 6. ) 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 



40 41 


. START INTEGRATED SUBSYSTEM C/O 
CREW COMPARTMENT LEAK CHECK 
FLIGHT PERSONNEL PROVISIONS CHECKOUT 
ALIGN ALL ACTUATORS & FILL HYD RESERVOIR 
AIR BREATHING ENGINE VALVES, HINGES & MANUAL CONTROL C/O 
ELEC POWER C/O 
LANDING SUBSYSTEMS 
EMERGENCY LANDING GEAR OPERATIONS 
BOOSTER FLANGE INTERFACE C/O 
SERVO LOOPS & CONTROL VALVES 
LANDING GEARS 
NOSE WHEEL STEERING 
ELECTROMAGNETIC COMPATIBILITY 
ENV CONTROL & LIFE SUPPORT SUBSYSTEM 
COMMUNICATIONS 
SOFTWARE 
CABIN LEAK C/O 
SPECIAL INSTRUMENTATION 
HYDRAULIC SYS. (COMPLETE) 

CONTROLS & DISPLAYS 



Z04 
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PROGRAM 


WBS NO. 4. 6. 4 

TASK TITLE PRE-FLIGHT TEST 

EVALUATION (STAGE I) 


LEVEL 


5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 6. ) 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 




,42 43 44 


START GROUND TEST IPRE-FLIGHT) 

MASS PROPERTIES 
GROUND VIBRATION TEST 
LANDING GEAR PROOF LOAD 
FLIGHT CONTROLS PROOF LOAD 
MOVE TO ENGINE RUN PAD 

APU & FUEL CELL CYRO LOAD & QUAN GAGE CALIBR 

APU & FUEL CELL OPS & SUBSYSTEM C/O 

ABES FUEL SYSTEM CALIBRATION 

ABES GROUND RUNS SUBSYSTEM C/O 

PRE-FLIGHT OPERATIONS & SERVICING 

TAXI AND BRAKING TEST 

POST & PRE-FLIGHT OPERATIONS & SERVICING 



TO FERRY FLIGHT 

(1ST HORIZONTAL FLIGHT) 
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WBS NO. 


4. 6. 6 


TASK TITLE HORIZONTAL FLIGHT TE SI 
& EVALUATION (STAGE I) 


LEVEL 


5, Subsystem Level 


REQUIREMENTS 

A need exists to demonstrate the horizontal flying qualities of Stage I prior 
to committing each Flight Test Vehicle (FTV) to manned orbital flight test. 
This demonstration shall be performed: (1) to verify performance of and 
provide crew training with each FTV, as specified in CEI specifications on 
Stage subsystems which are operational during reentry from space mission; 

(2) to verify automatic vs manual flight modes; (3) to verify ABES Propulsion 
performance for powered flight; (4) to verify non-powered approach and land- 
ing capability; (5) to verify compatibility between on-board and ground-based 
communications and navaids; (6) to verify air -data accuracy as inputs to 
guidance, navigation and flight control; (7) to demonstrate go-around capabilit-j 
and performance during approach and landing; (8) to verify data management 
capability to switch guidance modes, monitor subsystem performance and 
status and to display this status for crew utilization; (9) to demonstrate 
control capability from either crew station for emergency simulation; 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 



-W 46 47 48 49 50 51 52 53 54 55 56 57 


START HORIZONTAL FLIGHTS | | 

(STABILITY & CONTROL 
PERFORMANCE 
ABES PROPULSION 
STRUCTURES 

SUBSYSTEM PERFORMANCE 
GUIDANCE & CONTROL 
NIGHT FLIGHTS 

DEAD STICK APPROACH & LANDINGS 
OTHER) 


START UP DATE FOR VERTICAL FLIGHT 

I I I I I I I 

THE CEI DESIGN SPECIFICATION WILL BE THE BASIS FOR ALL 
SUBSONIC & SUPERSONIC FLIGHT TEST REQUIREMENTS 
SPECIFIED IN THE DETAIL FLIGHT TEST PLANS PREPARED 
DURING PHASE C/D 
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{10) to demonstrate safe landing capability under specified weather conditions 
(visibility, cross winds, wet fields), air traffic status, and on-board status 
when such status may be marginal such as engine out, secondary power 
malfunctions, etc. ; and (11) to demonstrate ground handling capability for 
takeoffs, landings, parking, crew/data removal. As directed by NASA, 
additional demonstrations may be required to verify compatibility of the FTV 
with alternate landing sites for both crew familiarization and with integrated 
vehicle /ground support elements (communications, navaids, ground handling 
problems). 

II. ASSEMBLY LEVEL DEFINITION 

The assembly “level elements which comprise horizontal flight test will be 
developed in Phase C/D. In a sense, they are FTV-oriented, in that each 
vehicle will have its own set of tests to be conducted. Current concepts are 
for either two or three FTVs to be built and flown. One may be dedicated to 
horizontal flight test to "wring out" any problems that may appear as well as 
thoroughly exercise the flying qualities of this Stage under all design margins 
(pitch, roll or bank, yaw, stall, min/max cruise capability for red-lining 
aerodynamic flight, flare specifications, power setting, antenna placements, 
trim settings, flight control and flight instrument qualities and accuracies, 
pilot visibility acceptability, etc. ). Other FTVs then would buildup sufficient 
hours only to verify major requirements are met, relying on the dedicated 
FTV to resolve any problems to incorporate these either as "CAUTION" items 
or, if the problem is major, to hold further flight testing until the problem is 
resolved and remains as a "CAUTION" item or is redesigned into a mod kit. 

Accordingly, a tentative assembly -level designation is as follows: 

4. 6. 6. 1 Stage I FTV No. 1 Test and Evaluation 

4. 6. 6. 2 Stage I FTV No. 2 Test and Evaluation 

4. 6. 6. 3 Stage I FTV No. 3 Test and Evaluation^ 

^i'Assumes 3 FTVs are required 

III. FUNCTIONAL DESCRIPTION 
(To be added. ) 

IV. REFERENCES 
(To be added. ) 
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WBSNO. 4.6.7 


PROGRAM 


TASK TITLE VERTICAL FLIGHT TEST 
EVALUATION {STAGE I) 


LEVEL 


5, Subsystem Level 


WBS DICTIONARY 


(Definition not provided. See WBS Dictionary Element 4. 6. ) 

NOTE: Static Firings (tie-down), only, are currently planned for 

single element vehicles. Phase C/D will firm up the 
specific requirements for this test. 


TASK SCHEDULE MILESTONES 


MONTHS 


PERIOD 

ENDING 



VERTICAL FLIGHT 
(STAGE I) 



FIRST VERTICAL FLIGHT 
FLIGHT vehicle NO. 2 , 


THE CEI DESIGN SPECIFICATION WILL BE THE BASIS FOR ALL 
SUBSONIC Si SUPERSONIC FLIGHT TEST REQUIREMENTS 
SPECIFIED IN THE DETAIL FLIGHT TEST PLANS PREPARED 
DURING PHASE C/0 

I I I I I I I I I I I 
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PROGRAM TJTLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO 4. 7 


TASK TITLE MANNED ORBITAL FLIGHT 

TESTS (MATED) 

level 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


To complete Category II testing, a need will exist to demonstrate the Space 
Transport Air Vehicle's capability and effectiveness to conduct near- 
operational missions through means of a series, of manned orbital flight tests. 
These tests will have the purpose of demonstrating: (a) Air Vehicle capability 
for pre-launch operations, launch operations and mated ascent performance 
to the separation point; (b) Stage I capability to perform separation, cruise to 
apogee with maneuvers for entry positioning, reenter, transition, approach, 
land, and perform post-flight operations including return to the turnaround 
facility for post-flight refurbishment and preparation for the next test mission; 
(c) Stage II capability to separate under Stage I command (or using Stage II 
backup separation capability), accelerate to injection using its main propulsion 
capability, and (depending on specific test objectives) perform orbital 
operations, deboost, reenter, transition, approach, land, perform post- 
flight refurbishment and prepare for the next test mission; (d) Operating 


TASK SCHEDULE Mi LESTONES 


PERIOD 

ENDING 



SCHEDULE NOT GENERATED FOR THIS 
ELEMENT. SEE MASTER SCHEDULE. 



212 










\ZOUGH~r h/IISS!L,£& 
AMD SPADE DDMPAMY 


WBS CODE 4. 7 


P 2 . OF 2 


Ground Equipment (OGE) capability to support launch, -test missions and 
recovery; (e) Peculiar and Common Support Equipment (MGE, DMGE) 
capability to support launch, recovery and turnaround; (f) Training 
effectiveness (flight crews, ground crews); (g) Facility effectiveness 
(Turnaround, Logistics Support); (h) deliverable Data effectiveness 
(Tech Orders, Flight Manuals, Maintenance Manuals, Operations 
Manuals, As-Delivered Drawings, Test Plans, Safety Plans, etc; and 
(i) Spares and Refurbishment Parts availability and authenticity. 

These requirement will apply to each flight test vehicle (FTV) tested. 

Specific objectives of each test will be identified in the Test Plan 
approved in Phase C/D. 

II. SUBSYSTEM -LEVEL DEFINITION 

Three major elements are defined at the subsystem level (see Figure 
4. O-W-5). These elements are mission profile oriented and correspond 
to the phases of the operational missions which these tests will demonstrate. 

4. 7.1 Launch Operations and Services 

4. 7. Z Flight Operations and Services 

4. 7. 3 Recovery Operations and Services 

III. FUNCTIONAL DESCRIPTION 

The manned orbital flight test program will use near -operational configurations 
of Stage II, Stage I and ground support elements to demonstrate performance 
and effectiveness of the integrated Space Transport Program for conducting 
earth to near-earth space transport missions and to recover therefrom for 
turnaround capability within a two-week period. Both Stage II and Stage I 
will carry development flight test instrumentation kits which will be removed 
at the successfully demonstrated end of mated flight test. All FTV's used in 
the manned orbital flight test program will refurbished and recycled into 
operational vehicles per NASA direction. 

Lower levels of the WBS Dictionary specify additional details on this phase 
of Systems Test and Evaluation. 

IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT wbs NO. 4.7.1 

PROGRAM TASKTITIE LAUNCH OPERATIONS 

AND SERVICES (TEST) 


level 5, Subsystem Level 


WBS DICTIONARY 

I. 

REQUIREMENTS 


A need will exist to launch each flight test vehicle (FTV) developed for the 
manned orbital flight test program in order to demonstrate launch capability. 
Launch will be followed by flight {WBS ID 4, 7. 2} and recovery (WBS ID 4. 7. 3) 
to demonstrate integrated Air Vehicle /Ground Support capability to accomplish 
operational mission objectives (see WBS Dictionary Elements 0. 0, 1. 0, 1. 3, 

1. 4, 2. 0, 3. 0/8. 0, 12. 0), 


The manned orbital flight test program will comply with the objectives and 
requirements specified in the Test Plan (WBS ID 5. 0) developed in Phase C/D 
as approved by NASA. 

II. 



ASSEMBLY -LEVEL DEFINITION 

Three major elements are identified at the assembly level. These correspond 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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to the three major end items of the Advanced Space Transport Program; 
Integration, Stage II, and Stage I and include all vehicle and ground elements 
associated therewith. Figure 4. O-W-5 illustrates the Work Breakdown 
Structure for WBS ID 4.7.1. 

4.7.1. 1 Integrated Operations and Services (Test) 

4. 7.1.Z Stage II Operations and Services (Test) 

4. 7. 1. 3 Stage I Operations and Services (Test) 

III. FUNCTIONAL DESCRIPTION 

At the completion of single element flight tests (WBS ID 4, 5 and 4. 6), 
both Stage IT and Stage I will have demonstrated ferry flight, horizontal 
flight, and static firing capability in the vertical mode. In order to 
demonstrate launch capability in the mated (Air Vehicle, WBS ID 1. 0) 
mode, the following sequence of operations must be demonstrated (reference 
• IS made to the WBS Identification shown on Figure 4. 0-W- 5 and to the 
corresponding WBS Identification affecting the end item involved: vehicle, 
OGE, MGE/DMGE). 


TEST OPERATION 

WBS ID 4.7.1 
REFERENCE 

AIR VEHICLE 
WBS REF. 

OGE 

WBS REF. 

MGE/DMGE 
WBS REF. 

Launch Site /Range 
Activation & Initial 
Checkout 

4. 7. 1.1.1 
(see also 
WBS ID 7. 0) 

— 

2. 0 

3. 0/8. 0 

Mission Planning 

4. 7.1.1. 2 
(see Test 
Plan. WBS 
ID 5. 0) 

1. 3.10.7 
(Stage II) 
1.4.10,5 
(Stage I) 

2. 0 

3. 0/8. 0 

Flight Test 
Vehicle Mods 

4. 7. 1.2.1 
(Stage II) 
4. 7.1.3. 2 
(Stage I) 

1. 3 

(Stage II) 
1.4 

(Stage I) 


3.2 

(Stage II) 
3.4 

(Stage I) 
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TEST OPERATION 

WBS ID 4. 7.1 
REFERENCE 

AIR VEHICLE 
WBS REF. 

OGE 

WBS REF. 

MGE /DMGE 
. WBS REF. 

Pre -Launch 
Integration 
Checkout & Test 

4. 7.1. 2.2 
(Stage II) 
4. 7. 1.3. 2 
(Stage I) 

1. 3 (Stg II) 
1. 4 (Stg I) 

2. 0 

3. 2. 2/3. 2. 6 
(Stage II) 
3.4. 2/3.4. 6 
(Stage I) 


4. 7. 1.1. 3 

1.1 

2.5. 3 

3.1 

Pre -Launch Integ. 
Checkout & Test 

4. 7. 1.1. 4 

1. 0 

2.5/ 

2.7 

3. 1/3. 2/ 
3. 4 

Countdown Tests 
and Operations 

4.7. 1.1. 5 

1.3.10(StgII) 
1.4.10(Stg I) 

2.5/ 
2. 7 

3.1/3. 2/ 
3. 4 

Launch Control 
Tests & Operations 

4. 7.1.1. 6 

— 

2.5 

— 

Range Checks 

4. 7. 1.1. 7 

— 

2.1/ 
2.5/ 
2. 6 

— 

Launch Support 
Checks, Operations, 
Maintenance 

7. 4. 1.1. 8 

— 

2.7 

3. 1/3. 2/ 
3. 3 

Launch Instrumenta- 
tion & Data 
Collection 

4. 7.1. 9 

1.3.10(StgII) 
1. 4.10[Stg I) 

2. 1/2. 2/ 
2. 3/2. 4/ 
2. 5/2. 7 

3. 1/3.2/ 
3. 3 

Integrated Launch 
Software 

4. 7.1.1.11 

1. 3.10.7 
(Stage II) 
1.4.10.5 
(Stage I) 

2.5.4 


Flight Crew Tests 
and Operations 
(Launch) 

4.7.1.2.10 
(Stage 11} 

4.7.1.3.10 
(Stage I) 

1.3.11 
(Stage II) 
1. 4. 11 
(Stage I) 

2.5.1 

3.1.1 

Stage Servicing 

4. 7.1. 2. 4 
(Stage II 
4. 7. 1.3. 4 
(Stage I) 

1.3 

(Stage II) 

1.4 

(Stage I) 

2.5.1 

3.2.5 

3.4.5 
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TEST OPERATION 

WBS ID 4.7.1 
REFERENCE 

AIR VEHICLE 
WBS REF. 

OGE 

WBS REF. 

MGE/DMGE 
WBS REF. 

Stage Pre-Eaunch 
Checkout Software 

4. 7.1.2.12 
(Stage II) 
4. 7.1.3.12 
(Stage I) 

1.3.10.7 
(Stage II) 
1.4.10.5 
(Stage I) 


3.2. 6 
3.4. 6 

Flight Test 
C onsumable s 

4. 7.1.2. 9 
(Stage II) 
4. 7.1.3. 9 
(Stage I) 

1. 3 

(Stage II) 
1.4 

(Stage I) 

2.5/ 

2.7 


Pad Refurbishment 

4. 7.1.1.10 

--- 

2.5.3/ 

2.7 

— 


IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE 


WBSNO.. 


PROGRAM 


TASK TITLE FLIGHT OPERATIONS fo 
SERVICES (TEST) 

LEVEL 5, Subsystem Level 



REQUIREMENTS 

A need will exist to demonstrate capability of tbe Space Transport Air Vehicle 
to successfully accomplish manned orbital test flights prior to committing the 
Program to Operations. WBS ID 4.7,1 demonstrates launch capability. WBS 
ID 4. 7. 2 will demonstrate flight capability. WBS ID 4. 7. 3 will demonstrate 
recovery capability. Mission profiles and test qbjectives will be met as 
defined in the Test Plan, WBS ID 5.0. In addition to demonstrating capability 
of the Air Vehicle and its stages to perform per system specification, the 
capability for the integrated Vehicle /Ground Net to meet specification shall be 
demonstrated. Applicable requirements are specified in WBS Dictionary 
Elements 0. 0 (Program), 1. 0 (Air Vehicle), 1. 3 (Stage II), 1. 4 (Stage I), 2. 0 
(Ground Communications, Command and Control, Recovery; i. e. , OGE); and 
3, 0/8. 0 (Peculiar and Common Support Equipment, i. e. , MGE/DMGE). 

These represent the end item hardware and software comprising Integration, 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 


SCHEDULE NOT GENERATED FOR THIS 
ELEMENT. SEE MASTER SCHEDULE. 
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Stage II and Stage I. To demonstrate Payload integration capability (WBS 
ID 1,2), tile test objectives may specify simulations to demonstrate capability 
to load, checkout, launch, orbit and deploy a payload (and/or to launch empty 
and retrieve a payload), and to successfully land with or without a payload 
aboard to demonstrate post -flight ground handling capability. 

WBS ID 4. 7. 2 requirements are basically concerned with manned orbital 
flight test, the launch and recovery operations being specified in WBS 
Dictionary elements 4. 7. 1 and 4. 7. 3, respectively. 

II. ASSEMBLY -LEVEL DEFINITION. 


Three major elements are defined at the assembly level. These elements 
are basically concerned with Stage II air /ground performance. Stage I 
air /ground perfo'rnlance and Ground Control over the test, including acquiring 
and processing real time and delayed di&semination data obtained from 
communications with the vehicle and with the range /recovery sites (see 
Figure 4. O-W-5). 

4. 7. 2.1 Stage II Flight Test Operations 

4. 7. 2. 2 Stage I Flight Test Operations 

4. 7. 2. 3 Ground Control Operations and Services 


III. FUNCTIONAL DESCRIPTION 


The specific objectives to be demonstrated and evaluated during the flight 
portion of the Manned Orbital Flight Test program will be defined and 
approved for implementation during Phase C/D of the Advanced Space 
Transport Program's RDT & E phase. These objectives will, in general, 
include the following (see WBS Dictionary Element 0. 0 and 1.3). 


EXPECTED TEST OBJECTIVE 
Level I Requirements; 

1. Demonstrate insertion of Stage II into 
50 X 100 nm orbit and circularize at 100 
nm. (Translation to higher orbit is 
option to be determined by NASA on 
later test flights. ) 


REF. PARAGRAPH (WBS PICT) 
0.0 1.3 


IV. A. 3 


See Level 
III 
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WBS CODE 4. 7. 2 


EXPECTED TEST OBJECTIVE 
Level I Requirements; 


2. Demonstrate Stage II nominal 
hypersonic aerodynamic cross range 
capability of 1100 nm. Insure a once- 
around return to launch site for all 
azimuths. 

3. Demonstrate mission duration 
capability as specified by NASA 

4. Demonstrate cargo (payload) 
capability from zero to maximum 
constraint (weight, volume) 

5. Demonstrate on-orbit delta V 
capability 

6. Demonstrate Stage I and Stage 
II go -around capability 

7. Demonstrate shirtsleeve 
environment. Stage I and Stage II 

8. Demonstrate Stage I capability 
to return to launch site 

9. Demonstrate intact abort 
capability after liftoff 

10. Demonstrate rescue mission 
capability (applies to both "WBS ID 
4.7.1 and 4.7.2) 

11. Demonstrate (intentionally, it 
is hoped!) fail ope rational /fail safe 
capability 

12. Demonstrate 3g load factor 
limit 

13. Demonstrate payload weight + 
vehicle weight landing capability 

14. Demonstrate one -engine -out 
go-around capability (Stage II) 

Level II Requirements 

1. Demonstrate applicable Mission 
R e quir erne nt s 

2. Demonstrate engine -out performance 
(Stage I, basically; Stage II engine -out 
test noted under Level I rqts. above) 


REF PARAGRAPH CWBS PICT) 

0 . 0 1. 3 


IV. A. 4 See 

Level 

III 

IV. A. 5 
IV. A. 6 

IV. A. 7 
IV. A. 8 
IV. A. 9 
IV. A. 10 
IV. A. 16 
IV. A. 19 

IV. A. 21 

IV. A. 24 
IV. A. 26 
IV. A. 27 

IV.B.l 
IV. B. 2.1 


221 




\ZOUGHT 

AMD GPAGE DDMF=>ANY 


WBS CODE 4. 7. 2 p 4 qf 5 


REF PARAGRAPH (WBS PICT) 


EXPECTED TEST OBJECTIVE 

0. Q 



Level II Requirements 




3. Demonstrate crew takeover capability 

IV. B. 7 

See 

from automatic mode as applicable 


Level 

4. Demonstrate stage separation 

IV. B. 8 

III 

from either Stage I (normal) or Stage II 
(backup) 

5. Demonstrate antenna pointing/ 
lock- on capability 

IV. B. 9 



6. Demonstrate propellant dump 
capability prior to landing 

IV. B.13 



7. Demonstrate landing on 10, 000-foot 
runways (sea level, standard day) 

IV. B.14. 2(i) 




(NOTE: Test must specify worst conditions. 
If target runway exceeds worst conditions, 
integrated Ground Control /Flight Vehicle 
must demonstrate alternate landing 
capability. Applies to both Stages. ) 


Lievel III Requirements (Stage II) 

1, Demonstrate CONUS landings 
under 24-hour or less update 

2. Demonstrate rendzvous and docking 
capability meets spec (as applicable) 

3. Demonstrate cargo monitoring 
capability 

4, Demonstrate, as directed, capability 
to reach (and compatibility with) all 
designated landing sites 


IV. A. 1 

IV. A. 2(b) 
IV. A. 3.1 
IV. A. 6 

IV. A. 7 


IV. SUPPORT DEMONSTRATION 


Implicit in meeting the above objectives, the ground support elements will 
be exercised. These include the WBS ID 2. 0 elements (see WBS Dictionary 
Element 2. 0) for Surveillance, Identification and Tracking (WBS ID 2.1), 
for Command and Control (WBS ID 2.2), for Communications (WBS ID 2.3), 
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for Data Processing (WBS ID 2.4) and for Recovery (WBS ID 2.6), the 
latter supporting both emergency situations and the normal recovery 
operations (WBS ID 4.7.3). These elements will demonstrate their 
integrated capability as will the airborne elements. Specific test 
objectives for Operating Ground Equipment (CXjE) will be included in 
this portion of the Phase C/D approved Test Plan. 

V. REFERENCES 
(To be added. ) 
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WBS NO 4. 7. 3 

TASK TITLE RECOVERY OPERATIONS 
SERVICES (TEST) 
level 5, Subsystem Level 

WBS DICTIONARY 


I. REQUIREMENTS 

A need will exist to recover Stage II and Stage I following a manned orbital 
flight test. Following recovery, each Stage (FTV) will be recycled through 
the turnaround facility for post-flight evaluation, maintenance and refurbishment 
to prepare it for the next test flight. At an appropriate point, i, e., comple- 
tion of this test phase, each Stage utilized in the Manned Orbital Flight Test 
program will be recycled through the factory or designated refurbishment 
facility to remove test kits and prepare the Stage for final acceptance (DD 250 
or equivalent) and turnover to NASA for Operations (WBS ID 12. 0). 

II. ASSEMBLY -LEVEL DEFINITION 


PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


Three major elements comprise the Recovery Operations and Services (Test), 
as noted on Figure 4. O-W-5. These elements correspond to each Stage, which 




X/'OUGHT 

AfStD &F=>AG£ GOMPANY 


WBS CODE 4. 7. 3 


P 2 OF 4 


is independently recovered, and to the Integration element corresponding 
to vehicle turnaround. These elements are: 

4. 7. 3.1 Stage II Recovery Operations and Services 

4. 7. 3. 2 Stage I Recovery Operations and Services 

4. 7. 3. 3 Integrated Operations and Services 

III. FUNCTIONAL, DESCRIPTION 

The operations performed under Recovery Operations and Services (Test) 
are similar to those which will be performed in the Operations phase .of 
the Advanced Space Transport Program. The difference will lie in the 
need to activate the landing sites {recovery sites) such as designated air- 
ports and runways, landing aids (ground controllers, beacons, transponders, 
voice communications, logistics supply, stage handling areas, personnel 
areas, data processing areas - which are peculiar to or used on the Test 
Program), ferry stations, and the turnaround facility prior to the first 
mated flight. Included in this activation will be the installation and check- 
out of fixed and mobil OGE (WBS ID 2. 6) and MCE (WBS ID 3. 2/3. 4/8.2/ 

8.4) and special test equipment needed to support this portion of mated 
flight test. 

Following activation (see Figure 4. O-W-5 for affected WBS functions: 

4.7. 3.1.1, 4.7. 3. 1.2, 4.7. 3.1.3, 4.7. 3. 2.1, 4.7. 3. 2. 2, 4.7.3. 2. 3, 

4. 7. 3. 3.1, 4. 7. 3, 3. 2, 4. 7. 3. 3. 3, 4. 7. 3. 3. 4), the sequence of operations 
will normally be as follows: 


TEST OPERATION 
OR SERVICE 

refer; 

ENCE FUNCTION 

(WBS ID) 

Stage II 
(WBS ID) 

Stage I 
(WBS ID) 

Integ. Ops/Serv 
(WBS ID) 

OGE /MCE Rqd. 
(WBS ID) 

OGE 

MGE /DMCK>'f 

. Stage II Recovery 
. Stage II Data 
Handling 

4.7. 3. 1.4 
4.7.3.1.10 



2. 

6 

3.2/ 

8. 2 

. Stage II Safe & 
Purge 

4.7. 3. 1.5 

“ 


' 


1 

i 
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TEST OPERATION 
OR SERVICE 


. Stage II Ferry 
Operations 
. Stage II Ferry 
Kit{if required) 
. Stage II Ferry 
Consumables 
. Stage II F erry 
Crew 

. Ferry Kit 
Transporter 


. Stage I Recovery 
. Stage I Data 
Handling 


. Stage I Safe & 
Purge 


. Stage I F erry 
Operations 
. Stage I Ferry 
Consumables 
. Stage I Ferry 
Crew 


. Stage II Post- 
flight Maintenance 
& Refurbishment 
.Stage II Mainte- 
nance Software 
, Stage I Post- 
flight Mainte- 
nance & Refur- 
bishment 
. Stage I Main- 
tenance Software 


Stage II 
(WBS ID) 


4 . 7 . 3 . 1. 7 


REFERENCE FUNCTION (WBS ID) 


OGE/MGE Rqd. 
Integ. Ops/Serv (WB S ID) 

(WBS ID) jOGE 


Stage I 
(WBS ID) 





4 . 7 . 3 . 1,12 


4 . 7 . 3 . 1.13 


4 . 7 , 3 . 2.10 


4 . 7 . 3 . 2.11 



3 . 2 / 3 . 3 / 

8 . 2 / 8. 3 


3 . 4 / 3 . 5 / 
8 . 4 / 8 . 5 


As applicable to landing site or turnaround facility 
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IV. SUPPORT OPERATIONS 

It IS noted in the preceding matrix that OGE(WBS ID Z.6, principally) and 
MGE/DMGE (WBS ID 3. 2, 3. 4, 8. 2, 8. 4) will be required to support the 
landing operation, purge and safing, crew and data removal, layover for 
inspection and servicing, then preparation for ferry flight (if required) 
to the turnaround facility. At this facility, post -flight inspection will be 
thorough to effectively inspect each area of each Stage, including handling 
any maintenance at the organizational, intermediate and depot level (WBS 
ID 3. 2 - 3.5, 8. 2 - 8. 5). Any abnormal damage or erosion of nose cap, 
leading edges, thermal protection skin panels, antennae, windshields, 
access panels, gear, ABES engines, hatches, doors, etc. will require 
refurbishment prior to next test flight. Consumables will be checked 
(oils, greases, lubricants, fluids) to verify abnormal depletion. Batteries 
will be checked to verify electrolyte status (if wet batteries). And, the 
software records will be thoroughly analyzed to determine performance 
deficiencies which will require either correction (design) or expected 
maintenance. Flight crews and ferry crews debriefings will also disclose 
any problems which need attention. Ground crew (operating and maintenance) 
debriefings and logs will be reviewed to determine need for improvement in 
ground surveillance and tracking, communications, command and control, 
data processing, launch equipment, procedures, logistics support, etc. 
to verify the integrated net operates smoothly, has minor problems requiring 
fix before next flight, or has major problems requiring design or procedural 
change before the next flight. 

Both the test team and contractor program home teams will be interlocked 
into this test phase and must be ready to respond as required to continue 
testing to the satisfaction of NASA. 

Further definition must await Phase C/D to define more specifically how 
^ this portion of the manned orbital flight test program will be handled. 

V. REFERENCES 
(To be added. ) 
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WBS NO. 


TASK TITLE STAGE II 

MOCKUPS 

LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


A need will exist, during Phase C/D, to provide engineering mockups which 
will support design, development, training and change control associated 
with Stage II RDT & E. As applicable, certain mockups may be required 
after RDT & E to support change control and training for the Operations 
phase of the Program. Such requirements, as well as specific needs for 
RDT & E, will be specified by NASA during or following contract negotiations 
for Phase C/D. Existing mockups generated fpr Phase B preliminary design 
may be utilized, if acceptable, for Phase C/D at the discretion of NASA. 

In addition to a full scale mockup of Stage II, other mockups will be required. 
Their scale and configuration will be based upon design and integration needs, 
utility, value to the contractor and to NASA, as well as economic factors. 
Where feasible, "soft" mockups shall be provided. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAIL SCHEDULES 
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II. SUBSYSTEM-LEVEL DEFINITION 

Eight potential mockup categories are specified for Stage II as noted on 
Figure 4. O-W-5. In addition to full scale mockups of the complete Stage 
(cutoffs may be permitted if R.H. and L.H. sections are equivalent), 
other mockups will be needed to ensure integration is accomplished. Models 
are not included herein, although they will be required to verify integration 
of Stage II with Stage I and with support equipment and facilities. Mockup 
elements are specified as follows; 

4. 8.1 Full Scale Stage II Mockup 

4. 8. 2 Propulsion and Power Plant Mockup(s)* 

4. 8. 3 Flight Controls Mockup 

4.8.4 Secondary Power Mockups 

4. 8. 5 Environmental Control/Life Support Mockups=5^** 

4. 8. 6 Crew Station/Integrated Avionics Mockups 

4. 8. 7 Payload Integration Mockups 

4.8.8 Docking and Payload Transfer Mockups=!**^* 

* Single Engine and Clustered Engines, including 

integration with Cryogenic Tankage, Ducting, 

Venting, Purging, Controls 

=!=* May be included with Propulsion and Power Plant 
(partial), Integrated Avionics (partial) and Full 
Scale Mockup. 

May be included with Crew Station /Integrated Avionics 
(partial) and Full Scale Mockup 

May be integrated with mockup of Space Station, Space 
Base, other NASA mockups as applicable. 

III. ' FUNCTIONAL DESCRIPTION 

It is anticipated that the Stage II contractor will require various operating, 
laboratory -type test setups to ascertain performance of prototype and 
production hardware /software as the design of Stage II crystallizes. 
Examples include secondary power working mockups, environmental 
control/cabin working mockups, and integrated avionics working mockups. 
Thus, the full scale mockup will ensure form and fit and the working 
mockups can simulate function (see WBS Dictionary Element 4.1 and 4. 3). 
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The need for separate mockups of single and integrated subsystems will 
thus depend on the tradeoffs of utility vs economy which must be defined 
by the Stage II contractor and negotiated with NASA.. Propulsion and power 
plant mockups, for example, will assist the designer and packaging engineer 
to ensure this subsystem's integration as well as verifying the interface 
with secondary power, flight controls, structure and avionics {e.g. , data 
management). 

Depending on the need for other than full scale mockup, mockup Part I 
specifications for each required mockup will be generated following Phase 
C go-ahead, then reviewed in PDR, Part II' s prepared, reviewed in CDR 
to the extent required by the contracting officer, and then fabricated or 
modified as applicable. Since certain mockups will be required both 
through RDT & E as well as delivered to NASA for Operations (Investment 
Phase), they must be maintained, protected, modified as directed by 
change control and turned over to NASA representing the as -delivered 
Stage or es'sential elements thereof. 

Final resolution on mockup requirements must await contract negotiation 
and Phase C go-ahead. 

IV. REFERENCES 
(To be added) 
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PROGRAM ^ TASK TITLE FUDD SCALE STAGE II 

MOCKUP 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 4. 


TASK TITLE STAGE I 

MOCKUPS 

LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


A need will exist, during Phase C /D, to provide engineering mockups which 
will support design, development, training and change control associated 
with Stage I RDT & E. As applicable, certain mockups may be required 
after RDT & E to support change control and training for the Operations 
phase of the Program. Such requirements, as well as specific needs for 
RDT &. E, will be specified by NASA during or following contract negotiations 
for Phase C/D. Existing mockups generated for Phase B preliminary design 
may be utilized, if acceptable, for Phase C/D at the discretion of NASA. 

In addition to a full scale mockup of Stage I, other mockups will be required. 
Their scale and configuration will be based upon design and integration needs, 
utility, value to the contractor and to NASA, as well as economic* factors. 
Where feasible, "soft" mockups shall be provided. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SEE LOWER LEVELS FOR DETAI L SCHEDULES 
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II. SUBSYSTEM-LEVEL, DEFINITION 


Six potential mockup categories are specified for Stage I as noted on 
Figure 4. O-W-5, In addition to full scale mockups of the complete Stage 
(cutoffs may be permitted if R.H. and L.H. sections are equivalent), 
other mockups will be needed to ensure integration is accomplished. Models 
are not included herein, although they will be required to verify integration 
of Stage II with Stage I and with support equipment and facilities. Mockup 
elements are specified as follows: 


4.9.1 Full Scale Stage I Mockup 

4.9. 2 Propulsion and Power Plant Mockup(s)>!= 

4.9.3 Flight Controls Mockup*^ 

4.9.4 Secondary Power Mockups** 

4.9.5 Environmental Control/Life Support Mockups*** 

4. 9. 6 Crew Station /Integrated Avionics Mockups 

* Single Engine and Clustered Engines, including 

integration with Cryogenic Tankage, Ducting, 

Venting, Purging, Controls 

** May be included with Propulsion and Power Plant 
(partial). Integrated Avionics (partial) and Full 
Scale Mockup 

*** May be included with Crew Station/Integrated Avionics 
(partial) and Full Scale Mockup 


m. FUNCTIONAL DESCRIPTION 


It IS anticipated that the Stage I contractor will require various operating, 
laboratory -type test setups to ascertain performance of prototype and 
production hardware /software as the design of Stage I crystallizes. 

Examples include secondary power working mockups, environmental 
control/cabin working mockups, and integrated avionics working mockups. 
Thus, the full scale mockup will ensure form and fit and the working 
mockups can simulate function (see WBS Dictionary Elements 4.2 and 4. 4). 

The need for separate mockups of single and integrated subsystems will 
thus depend on the tradeoffs of utility vs economy which must be defined 
by the Stage I contractor and negotiated with NASA. Propulsion and power 
plant mockups, for example, will assist the designer and packaging engineer 
to ensure this subsystem's integration as well as verifying the interface 
with secondary power, flight controls, structure and avionics (e.g., data 
management). 
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Dep'ending on the need for other than full scale mockup, mockup Part I 
specifications for each required mockup will be generated following Phase 
C go-ahead, then reviewed in PDR, Part II's prepared, reviewed in CDR 
to the extent required by the contracting officer, and then fabricated or 
modified as applicable. Since certain mockups will be required both 
through RDT & E as well as delivered to NASA for Operations (Investment 
Phase), they must be maintained, protected, modified as directed by 
change control and turned over to NASA representing the as-delivered 
Stage or essential elements thereof. 

Final resolution on mockup requirements must await contract negotiation 
and Phase C go-ahead. 

IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PRCX3RAM 


W8S NO.. 


4 . 9.1 


TASK TITLE FULL SCALE STAGE I 
MOCKUP 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 5.0 

TASK TITLE SYSTEM/PROGRAM 
MANAGEMENT 
LEVEL 3. Project Level 



REQUIREMENTS 

NASA has specified a requirement for an Advanced Space Transport 
Program (Phase C/D) which will develop a manned, two-stage reusable 
Air Vehicle capable of transporting GFE payloads from earth to near- 
earth space for deployment into space stations, space bases or free 
space, retrieving certain payloads from space, then safely reentering 
and landing at predetermined or alternate landing sites for recycle .to 
the next mission. Ground support equipment will simultaneously be 
developed to provide the operating and maintenance capability to enable 
both Air Vehicle and GSE to cycle into a 10-year Operations program to 
support payload user requirements. 

To meet these requirements, program offices are required in major 
contractor areas with the responsibility to technically direct and 
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administratively manage the contracts within three major end item areas 
(a fourth major contract is with the Main Engine contractor, these engines being 
GFE to the Stage contractors): Stage II (WBS ID 1.3), Stage I (WBS ID 1. 4), 
and Integration (WBS ID 1.1)., Other major elements of the WBS have 
similar partitions of responsibility (see Figure 0. O-W-2). The Payload will 
be GFE to the Vehicle (WBS Dictionary Element 1. 2) and will require an 
office to handle interfaces during RDT & E, Investment and Operations. 

The System /Program Management, under NASA direction and approval, 
will manage the technical and business responsibilities of the separate 
major contracts so as to plan, implement and control the Program from 
contract go-ahead through RDT &; E and Investment until IOC. In the 
Operations phase, depending on NASA requirement. System /Program 
Management functions will either cease, be diverted into new programs, 
or reduced to a sustaining level of effort to ensure contract needs are 
supplied when required (spares, services, etc. ) 

II. SYSTEM-EEVEE DEFINITION 

Six major elements (3 sets) are required to handle the technical and business 
responsibilities of the RDT & E and Investment phases of the Advanced Space 
Transport Program on the contract side of the program. These sets are 
denoted below and represent the three major end items to be designed, 
developed tested and and qualified (DD 250): Stage II, which is the reusable 
payload-delivery /retrieval vehicle; Stage I, which is the reusable boost 
vehicle; and Integration, which assembles the stages and their payload and 
integrates the Stage-to-Stage ground support equipment and services needed 
for checkout, launch, ,flight and recovery through turnaround. 

The system-level elements of System /Program Management include 
(see Figure 5 . 0-W- 6); 

5.1 Stage II Systems Support (SE & I) 

5-2 Stage II Program Management 

5.3 Stage I Systems Support (SE & I) 

5.4 Stage I Program Management 

5.5 Systems Integration Systems Support (SE & I) 

5.6 Systems Integration Program Management 
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As directed by NASA, the Payload Integration Office and GFE Main Engine 
Integration Office will be assigned into one of the above functions to handle 
the technical and business interfaces with Payload and with Main Engine 
contractors, 

III. FUNCTIONAL DESCRIPTION 

Prior to Phase C go-ahead, the three major end item contractors 
(Main Engine contractor excluded) will have developed their overall 
Program Plans on administering the technical and business end of their 
proposed contracts. Thus, at Phase C go-ahead, these plans will be- 
come contractual articles dealing with Systems Engineering and Integration 
(SE & I) and with Program Management. Breakouts of the Program Plans 
will include System Development Plans, Manufacturing Plans, Facility 
Plans, Systems Test and Operations Plans, Training Plans, Reliability 
Plans, Maintainability Plans, Safety Plans, Quality Assurance Plans and 
Management Plans. The latter will cover items such as Drawing Control, 
Configuration Management, Plans and Schedules Control, Subcontract 
Control, Document Control, Deliverable Data Control, Change Contr'ol, 
etc. Together, these packages will delineate how Management will be 
excercised, by whom, and when, and will establish the basis for holding 
PDRs, CDRs, factory qualification, engine PFRTs, structural test and 
flight test vehicle fabrication, delivery and test, production vehicle 
fabrication, delivery and test, and spares provisioning. Need for Program 
support such as government test facilities for development, wind tunnel 
testing, engine firings, horizontal and' vertical flight test, etc. will be 
defined and refined as the Program progresses. Other support needed 
will be defined including need for special training facilities, flight test 
support, FAA and Range Safety reviews, astronaut integration, chase 
plane support, meteorological support, launch support, global range 
support, landing site modification and support, data processing support, 
communications support, consumables provisioning, and myriad of other 
items which will be either CFE or GFE as agreed upon between NASA 
and the major contractors. 

Details on these elements of System /Program Management are further 
specified by functional responsibility at lower levels of the WBS Dictionary. 
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PROGRAM 


W8S NO. 5>1 


TASK TITLE STAGE II SYSTEMS 


LEVEL 


SUPPORT (SE fc I) 
4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


An organization is required in the Stage II contractor's Advanced Space 
Transport Program office to manage the Systems Engineering and Integration 
{SE & I) technical effort associated with RDT & E on the Stage II vehicle, 
support hardware and software, and interfaces with all other affected elements 
of the Program. This organization will be directed by the Stage II contractor’s 
Program Management office to analyze and establish requirements for: 

Stage II missions and trajectories; interfaces with Stage I, with Payload, with 
space targets, and with all supporting ground elements; and establish the 
functional requirements and tradeoff analysis needed to define end items and 
needed support. Where interface design is required, this design shall be 
either performed within SE & 1 or delegated, with Program Office approval, 
to the responsible design group to handle, with SE & I providing monitor ship 
over such design. 
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SE & I will be responsible, under Systems Integration Systems Support (SE & I), 
WBS ID 5. 5, to develop a Master Test and Operations Plan for Stage II which 
specifies test objectives, test requirements, test schedules, test support, 
test organizations and skills, test facilities and test management for 
conducting needed subsystem development tests, structural tests, single 
element flight test and mated flight test (Stage II) in accord with the Master 
Phasing Plan. 

SE & I will be responsible, under Systems Integration Systems Support (SE & I), 
WBS ID 5. 5, to develop Checkout Definitions for Stage II vehicle and ground 
support elements to ensure both vehicle and ground systems are ready for 
both flight test and Operations such as pre-Vehicle mating in the VAB prior 
to roll-out for Air Vehicle countdown and launch, 

SE & I will be responsible to Stage II Program Mangement, as well as to 
Systems Integration Program Management (WBS ID 5. 6) and to NASA, for 
establishing and holding PDRs on the Stage II vehicle end items, on Stage II 
interfacing operating ground equipment (OGE), on Stage II Peculiar Support 
Equipment (MGE/DMGE), on Stage Ilmockups, and on any other deliverables 
needed for Test, Investment and Operations, The same responsibility will 
extend to participation in major interfacing PDRs including GFE Main Engines 
and to Stage I. Where CDRs are required, SE & I will participate as support 
to Design Engineering to ensure Part II Specifications comply with Part I 
Specifications (prepared by SE & I) or that waivers are acceptable to both 
the requirements analysis as well as to NASA. 

SE & I Systems Integration will be responsible for documenting and distributing 
the system requirements analysis (functional analysis, requirements analysis, 
time-line analysis, trade studies. Contract End Item Specifications, maintenanc 
analysis, calibration requirements analysis, maintenance loadings analysis, 
reliability analysis, safety analysis, human factors analysis, facilities 
analysis, etc. ) and keeping this analysis up-to-date to reflect Class I and 
Class II change, once configuration control is established. 

SE &I Systems Effectiveness groups will be responsible for effectiveness 
analysis affecting Stage II vehicle and support and the integration thereof 
through Systems Integration Systems Effectiveness (WBS ID 5.5.4) with 
all other Program elements (Stage I, total OGE, Payload). The effectiveness 
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analysis shall address: Reliability, Maintainability, Human Factors, Value 
Engineering, Quality Assurance, and Safety. Outputs from this analysis will 
be reviewed with the Stage II, Stage I, Systems Integration and NASA 
technical management and affected design areas to ensure understanding of 
the approach, methods for obtaining compliance, and requirements which 
will affect design, development, test and Operations. Upon approval in- 
house, out-of-house and by NASA, the outputs of these various analyses 
will become Program Plans to be adhered to by affected disciplines: 
Reliability Plan, Maintainability Plan, Safety Plan, etc. These plans, when 
released,, shall be kept up-to-date through the life of the RDT & E phase 
and Investment Phase and will be deliverable items under WBS ID 6. 0 as 
specified in the Stage II contract. 

II. SUBSYSTEM-DEVEL DEFINITION 

Six major elements comprise Stage II Systems Support (SE & I). As noted 
on Figure 5. O-W-6, these elements include the following: 

5.1.1 Systems Analysis 

511.2 Interface Design 

5.1.3 Test Definition 

5.1.4 Checkout Definition 

5.1.5 Systems Integration 

5.1.6 Systems Effectiveness 

III. FUNCTIONAL DESCRIPTION 

The Stage II Systems Support (Systems Engineering and Integration, SE & I) 
organization is basically responsible to NASA, through the Stage II Program 
Management office, for the technical analysis, engineering, integration and 
documentation, as the basis for design and development of the Stage II vehicle 
and support end items into the Advanced Space Transport Program. The 
six interrelated functions which this organization will be responsible for are 
noted above in Para. II. Specific delegations for this organization in Phase 
C/D will be at the discretion of the Stage II Program Manager (contractor). 
Through these six functions, SE & I Management must ensure that each end 
item delivered at the completion of RDT &; E and Investment will meet the 
Program objectives called for in WBS Dictionary Element 0. 0, Para. IV, as 
these affect Stage II. 
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As the requirements and integration effort which SE & I provide are turned 
into qualified hardware and software by the design, manufacturing, materiel' 
and test organizations, then SE 8t I*s role in the RDT & E process is reduced 
to that of sustaining engineering to monitor change and to deliver to NASA the 
results of the analysis and integration as the System Specification for 
entering the Operations phase. 

IV, REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE 1 OF 3 


W8S NO. 


TASK TITLE STAGE II PROGRAM 
MANAGEMENT 
level 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

An organization, is required in the Stage II contractor's Advanced Space 
Transport Program office to administer the Stage II contract and to manage 
the technical effort through the Systems Support (SE & I) Organization (WBS 
ID 5,1). Major efforts which the Stage II Contractor Program Office will 
manage include; Program Control, Configuration Management, Data Manage- 
ment, Contract Management, Vendor Liaison and end item Transportation and 
Handling, 

SUBSYSTEM-LEVEL, DEFINITION 

As noted on Figure 5, O-W-6, six major elements are identified at the sub- 
system level. These elements correspond to the six requirements specified 
on the next page. 
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5.2.1 

Program Control 

5.2.2 

Configuration Management 

5. 2.3 

Data Management 

5.2.4 

Contract Management 

5.2.5 

Vendor Liaison 

5.2.6 

Transportation and Packaging 


III. FUNCTIONAL DESCRIPTION 

The Stage II Contractor Program Management office will be responsible for 
the technical and administrative functions associated with Phase C/D contract 
effort. Technical management will be delegated to Stage II Systems Support 
(SE & I), WBS ID 5.1. Administrative management will be delegated to six 
major areas, as noted in Para. II, above. These areas will have the following 
responsibilities (actual organization is at the discretion of the Stage II 
Contractor Program Manager). 

A. Program Control - Responsible for Plans and Schedules, 

Cost, and Contract Documentation of an administrative nature. Technical 
documentation (systems engineering, drawings, specifications, procedures, 
test reports. Program Plans, tech orders, etc.) are the responsibility 
of Program Management but may be delegated to technical areas through 
RDT & E. Deliverable data (WBS ID 6. 0) will be handled through the 
Program Office as approved by Program Control, 

B. Configuration Management - Responsible for Configuration Identification, 
Configuration Control, and Stage II Change Board Management as well as 
representation on the Integration Change Board (WBS ID 5.6.2). 

C. Data Management - Responsible for all contract-generated data which 
will ultimately become contract-deliverable data (WBS ID 6. 0). This 
effort will include engineering and manufacturing drawing control and 
storage, test report control and storage, systems engineering documenta- 
tion control and storage, and administrative data control and storage. 

Data retrieval capability shall be such that latest approved changes are 
incorporated into the data for quick response to user's request, both in- 
house, in the field, for other contractors needs and for customer needs. 

As required, current lists of released data shall be made available to 
affected users, including latest approved changes. 
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D. Contract Management - Responsible for contract compliance both to 
customer as well as for contract and sub-contract efforts. Submit 
requests for payment for work accomplished (major milestones). . 
Distribute payments to in-house finance groups for covering contract 
effort, expenses, vouchers, etc. Contract management is essentially 
the single representative for the contractor to the customer, and the 
reverse thereof for interpretation of the contract language. 

E. Vendor Liaison - Responsible for Stage II Prime Contractor interface 
with vendors and subcontractors. As such. Vendor Liaison acts for 
the Prime Contractor td ensure that vendors and subcontractors are 
appraised of, and kept up to date on, current requirements imposed by 
the Prime on the vendor or subcontractor and, in turn, that the Prime 
is kept appraised of the progress and problems of the vendor or sub- 
contractor. 

F. Transportation and Packaging - Responsible for the packaging and 
transportation of deliverable articles (test and production) to the 
field, or the receipt thereof from the field to the factory. Will 
include any deliverable item which must be transmitted to the Stage I 
contractor such as a simulator, mockup article, etc. Does not 
normally include data handling. 

IV. REFERENCES 

(To be added. ) 
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PROGRAM 


WBS NO. 5.3 

TASK TITLE STAGE I SYSTEMS 


LEVEL 


SUPPORT {SE fo I) 
4, SYStem Level 


REQUIREMENTS 

An organization is required in the Stage I contractor's Advanced Space 
Transport Program office to manage the Systems Engineering and Integration 
(SE St I) technical effort associated with RDT St E on the Stage I vehicle, 
support hardware and software, and interfaces with all other affected elements 
of the Program. This organization will be directed by the Stage I contractor's 
Program Management office to analyze and establish requirements for: 

Stage I missions and trajectories; interfaces with Stage II, with Payload, and 
with all supporting ground elements; and establish the functional requirements 
and tradeoff analysis needed to define end items and needed support. Where 
interface design is required, .this de.sign shall be either performed within 
SE & I or delegated, with Program Office approval, to the responsible design 
group to handle, with SE & I providing monitorship over such design. 
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SE & I will be responsible, under Systems Integration Systerns Support (SE & I), 
WBS ID 5. 5, to develop a Master Test and Operations Plan for Stage I which, 
specifies test objectives, test requirements, test schedules, test support, 
test organizations and skills, test facilities and test management for 
conducting needed subsystem development tests, structural tests, single 
element flight test and mated flight test (Stage I) in accord with the Master 
Phasing Plan. 

SE & I will be responsible, under Systems Integration Systems Support (SE & I), 
WBS ID 5.5, to develop Checkout Definitions for Stage I vehicle and ground 
support elements to ensure both vehicle and ground systems are ready for 
both flight test and Operations such as pre -Vehicle mating in the VAB prior 
to roll-out for Air Vehicle countdown and launch. 

SE & I will be responsible to Stage I Program Management, as well as to 
Systems Integration Program Management (WBS ID 5.6) and to NASA, for 
establishing and holding PDRs on the Stage I vehicle end items, on Stage I 
interfacing operating ground equipment (OGE), on Stage I Peculiar Support 
Equipment (MGE/DMGE), on Stage I mockups, and on any other deliverables 
needed for Test, Investment and Operations. The same responsibility will 
extend to participation in major interfacing PDRs including GEE Main Engines 
and to Stage II. Where CDRs are required, SE & I will participate as support 
to Design Engineering to ensure Part II Specifications comply with Part I 
Specifications (prepared by SE & I) or that waivers are acceptable to both 
the requirements analysis as well as to NASA. 

SE & I Systems Integration will be responsible for documenting and distributing 
the system requirements analysis (functional analysis, requirements analysis, 
time-line analysis, trade studies, Contract End Item Specifications, mainte- 
nance analysis, calibration requirements analysis, maintenance loadings 
analysis, reliability analysis, safety analysis, human factors analysis, 
facilities analysis, etc, ) and keeping this analysis up-to-date to reflect Class 
I and Class II change, once configuration control is established. 


SE & I Systems Effectiveness groups will be responsible for effectiveness 
analysis affecting Stage I vehicle and support and the integration thereof 
through Systems Integration Systems Effectiveness (WBS ID 5. 5. 4) with 
all other Program elements (Stage II, total OGE, Payload). The effectiveness 
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analysis shall address; Reliability, Maintainability, Human Factors, Value 
Engineering, Quality Assurance, and Safety. Outputs from this analysis will 
be reviewed with the Stage I, Stage II, Systems Integration and NASA 
technical management and affected design areas to ensure understanding of 
the approach, methods for obtaining compliance, and requirements which 
will affect design, development, test and Operations. Upon approval in-house, 
out-of-house and by NASA, the outputs of these various analyses will 
become Program Plans to be adhered to by affected disciplines: Reliability 
Plan, Maintainability Plan, Safety Plan, etc. These plans, wlien released, 
shall be kept up-to-date through the life of the RDT & E phase and Investment 
Phase and will be deliverable items under WBS ID 6. 0 as specified in the 
Stage I contract. 

II. SUBSYSTEM-LEVEL DEFINITION 

Six major elements comprise Stage I Systems Support {SE & I). As noted 
on Figure 5.0-W-6, these elements include the following; 

5.3.1 Systems Analysis 

5.3.2 Interface Design 

5.3.3 Test Definition 

5.3.4 Checkout Definition 

5.3.5 Systems Integration 

5.3.6 Systems Effectiveness 

III. FUNCTIONAL DESCRIPTION 

The Stage I Systems Support (Systems Engineering and Integration, SE & I) 
organization is basically responsible to NASA, through the Stage I Program 
Management office, for the technical analysis, engineering, integration and 
documentation, as the basis for design and development of the Stage I vehicle 
and support end items into the Advanced Space Transport Program. The 
six interrelated functions which this organization will be responsible for are 
noted above in Para. II. Specific delegations for this organization in Phase 
C/D will be at the discretion of the Stage I Program Manager (contractor). 
Through these six functions, SE & I Management must ensure that each end 
item delivered at the completion of RDT & E and Investment will meet the 
Program objectives called for in WDS Dictionary Element 0.0, Para. IV, as 
these affect Stage I. 
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As the requirements and integration effort which SE & I provide are turned 
into qualified hardware and software by the design, manufacturing, materiel 
and test organizations, then SE & I’s role in the RDT & E process is reduced 
to that of sustaining engineering to monitor change and to deliver to NASA the 
results of the analysis and integration as the System Specification for 
entering the Operations phase. 

IV. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 


PAGE L 


WBS NO.. 


PROGRAM 


TASK TITLE STAGE I PROGRAM 
MANAGEMENT 

LEVEL 4. System Level 


WBS DICTIONARY 


REQUIREMENTS 


An organization is required in the Stage I contractor’s Advanced Space Trans- 
port Program office to administer the Stage I contract and to manage the 
technical effort through the Systems Support (SE & I) Organization (WBS ID 
5. 3). Major efforts which the Stage I Contractor Program Office will manage 
include: Program Control, Configuration Management, Data Management, 
Contract Management, Vendor Liaison and end item Transportation and Hand- 
ling. 

SUBSYSTEM -LEVEL DEEINIT.ION - 

As noted on Figure 5, O-W-6, six major elements are identified at the sub- 
system level. These elements correspond to the six requirements specified 
on the next page. 
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6.4.1 Program Control 

5. 4. Z Configuration Management 

5.4.3 Data Management 

5.4.4 Contract Management 

5.4.5 Vendor Liaison 

5. 4. 6> Transportation and Packaging 

III. FUNCTIONAL DESCRIPTION 

The Stage I Contractor Program Management office will be responsible for 
the technical and administrative functions associated with Phase C/D 
contract effort. Technical management will be delegated to Stage I Systems 
Support (SE & I), WBS ID 5.3. Administrative management will be delegated 
to six major areas, as noted in Para. II, above. These areas will have the 
following responsibilities (actual organization is at the discretion of the 
Stage I Contractor Program Manager). 

A. Program Control - Responsible for Plans and Schedules, 

Cost, and Contract Documentation of an administrative nature. Technical 
documentation (systems engineering, drawings, specifications, procedures, 
test reports, Program Plans, tech orders, etc. ) are the responsibility 
of Program Management but may be delegated to technical areas through 
RDT & E. Deliverable data (WBS ID 6. 0) will be handled through the 
Program Office as approved by Program Control. 

B. Configuration Management - Responsible for Configuration Identification, 
Configuration Control, and Stage I Change Board Management as well as 
representation on the Integration Change Board (WBS ID 5. 6. 2), 

C. Data Management - Responsible for all contract-generated data which 
will ultimately become contract-deliverable data (WBS ID 6. 0). This 
effort will include engineering a,nd manufacturing drawing control and 
storage, test report control and storage, systems engineering documenta- 
tion control and storage, and administrative data control and storage. 

Data retrieval capability shall be such that latest approved changes are 
incorporated into the data for quick response to user's request, both in- 
house, in the field, for other contractors needs and for customer needs. 

As required, current lists of released data shall be made available to 
affected users, including latest approved changes. 
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D. Contract Management - Responsible for contract compliance both to 
customer as well as for contract and sub-contract efforts. Submit 
requests for payment for work accomplished (major milestones). 
Distribute payments to in-house finance groups for covering contract 
effort, expenses, vouchers, etc. Contract management is essentially 
the single representative for the contractor to the customer, and the 
reverse thereof for interpretation of the contract language. 

E. Vendor Liaison - Responsible for Stage I Prime Contractor interface 
with vendors and subcontractors. As such. Vendor Liaison acts for 
the Prime Contractor to ensure that vendors and subcontractors are 
appraised of, and kept up to date on, current requirerhents imposed by 
the Prime on the vendor or subcontractor and, in turn, that the Prime 
IS kept appraised of the progress and problems of the vendor or sub- 
contractor. 

F. Transportation and Packaging - Responsible for the packaging and 
transportation of deliverable articles (test and production) to the 
field, or the receipt thereof from the field to the factory. Will 
include any deliverable item which must be transmitted to the Stage II 
contractor such as a simulator, mockup article, etc^ Does not 
normally include data handling. 

IV. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE. 


WBS NO 


TASK TITLE SYSTEMS INTEGRATION 
SYS. SPPT. (SE &; I) 


LEVEL 


4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

An organization is required in the Systems Integration Contractor's Advanced 
Space Transport Program office to manage the Systems Engineering and 
Integration (SE & I) technical effort associated with RDT & E on the Air 
Vehicle and the integration thereof with the entire ground net for both 
development, test and turnover for Operations. As such, this organization 
will be responsible, through the Systems Integration Contractor's Program 
Management office, to NASA for; (a) integration of the Air Vehicle (Integration 
and Assembly, WBS ID 1.1; Payload, WBS ID 1.2; Stage II, WBS ID 1,3; and 
Stage I, WBS ID 1. 4); (b) for the integration of OGE (WBS ID 2. 0 elements); 

(c) for integration of the Peculiar and Common Support Equipment, i. e. MGE/ 
DMGE (WBS ID 3. 0/8. 0); (d) for integrated, i. e. Manned Orbital, testing; 
and (e) for integrated Industrial Facilities (WBS ID II. 0). 
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PERIOD 

ENDING 
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These responsibilities break into four major areas: 

1. Interface Design - For the Air Vehicle, the interface between 
Stage I and Stage II includes mating, checkout, transport to 
the launch pad, countdown and servicing, launch, ascent, and 
separation. For OGE, the interfaces include Command and 
Control of launch. Range readiness and launch support. 
Communications readiness and launch support. Data Processing 
readiness and launch support, and Launch Equipment and Auxiliary- 
Equipment readiness and launch support. Whereas both Air Vehicle 
elements (excluding Payload) and ground support elements are 
basically Stage-peculiar, there is a need to monitor end item 
definitions for common utilization and to ensure Part II solutions 
are, to the extent possible, of common design and perform 

within the integrated requirements. 

2. Test Definition - Tests peculiar to the individual Stages are the 
responsibility of each Stage contractor. Tests involving integrated 
Air Vehicle and integrated support are the responsibility of the 
Integration Contractor. Overall Test Definition, and associated 
master schedules, may best fit within the Integration Contractor 
responsibility, coordmatmg Stage I and Stage II development and 
flight tests to ensure all necessary tests are satisfactorily completed 
prior to mated flight tests. 

3. Systems Integration - This is an extension of Responsibility 1, above, 
in that holding an SDR (System Design Review) at the outset of 
Phase C/D can establish a common basis to proceed. Then, as 
PDRs and CDRs are held, the Systems Integration contractor 
(through his attendance and participation) can verify to NASA 

that all requirements are defined, that Part I Specifications 
recognize all valid interfaces, that development tests are producing 
required prototype capability, that Part II Specifications are feasible 
and producible or procurable end items within schedule, that CDRs 
review all necessary data, that individual Stage flight tests perform 
and demonstrate necessary performance and effectiveness, and that 
mated flight test is ready and can be performed. 
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4. Systems Effectiveness - Systems Integration’s responsibility to 
NASA here is to ensure that the Reliability Plans, Maintainability 
Plans, Safety Plans, Human Factors Plans, Quality Plans and 
Systems Specifications are totally integrated, and that what is 
specified is in keeping with NASA’s objectives, is achievable, 
and is realizable in terms of budgets and schedules. 

II. SUBSYSTEM-LEVEL DEFINITION 

To meet these requirements, four major elements are defined at the 
subsystem level (see Figure 5.0-W-6). These elements are: 

5.5.1 Interface Design 

5.5.2 Test Definition 

5.5.3 Systems Integration 

5.5.4 Systems Effectiveness 

III. FUNCTIONAL DESCRIPTION 

The Systems Integration Systems Support (SE & I) organization is basically 
responsible to NASA, through the Systems Integration Program Management 
office, for the technical analysis, engineering, and documentation as the 
basis for design and development of the Space Transport Air Vehicle and the 
associated support needed for Manned Orbital Flight Tests prior to turnover 
of end items to NASA for IOC. Inasmuch as Payload is GFE, its integration 
into RDT & E effort calls for a Payload Integration Office. This office needs 
to be established soon after Phase C/D for the impact it will have on Stage II 
payload design and ground handling, and for the impact it will have on Stage I 
for boost loads. If NASA desires, the Payload office may best be established 
within the Systems Integration contractor SE & I organization to ensure design, 
development, mockups, training, and test properly consider the impact of 
Payload on Air Vehicle and ground support design as well as to place proper 
constraints on ultimate Payload designs. 
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The Systems Integration contractor SE & I role will peak when RDT & E 
reaches the Manned Orbital Flight test phase, then phase-out as all tests 
are completed. Sustaining effort for Operations integration can then be 
assigned to either or both Stage contractors or to a third contractor if 
necessary. 

IV. REFERENCES 
(To be added. ) 


284 





INPUTS 







' STi^ii^ / p<f /Va^ 0 L 

i ^ A— to 

, s;r^/t / o^ai*/ ^ 

5T>77^^ 0^,^<:«.;ci^’'^ 
4<y»"<*./rr«^I. f »?>tf/t 
1. o^re*> r/^f^ 




OUTPUTS 







286 



mniTs 
















287 


















288 














\ZGUGMT MISSUSES 
ySS&S AND SPACE COMPANY 


PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE 1 OF 3 

W8S NO. 5,6 ^ 

TASK TITLE SYSTEMS INTEGRATION 
PROGRAM MANAGEMENT 
LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

An organization is required in the Systems Integration contractor's Advanced 
Space Transport Program office to administer the Systems Integration 
contract and to manage the technical effort through the Systems Support 
(SE &I) Organization (WBS ID 5. 5). Major efforts which the Systems 
Integration Contractor Program Office will manage include: Program Control, 
Configuration Management, Data Management, and Contract Management. As 
necessary, additional functions will include Vendor Eiaison and end item 
Transportation and Handling for Systems Integration Contractor end items 
(basically GSE). 

SUBSYSTEM-EEVEL DEFINITION 

As noted on Figure 5. O-W-6, four major elements are identified at the sub- 
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system level. These elements correspond to the four major requirements 
specified below. , 


5. 6. 1 
5.6.2 
5. 6.3 
5.6.4 


Program Control 
Configuration Management 
Data Management 
Contract Management 


(NOTE; Vendor Liaison and Transportation & Packaging responsibilities 
will be assigned to one of the above disciplines or otherwise 
assigned as applicable. ) 


III. FUNCTIONAL DESCRIPTION 


The Systems Integration Contractor Program Management office will be 
responsible for the technical and administrative functions associated with 
Phase C/D contract effort. Technical management will be delegated to 
Systems Integration Systems Support (SE & I), WBS ID 5. 5. Administrative 
management will be delegated to four maj'or areas, as noted in Para. II, 
above. These areas will have the following responsibilities (actual organiza- 
tion is at the discretion of the Systems Integration Contractor Program 
Manager). 

A. Program Control - Responsible for Plans and Schedules, 

Cost, and Contract Documentation of an administrative nature. Technical 
documentation (systems engineering, drawings, specifications, procedures, 
test reports. Program Plans, tech orders, etc. ) are the responsibility 
of Program Management but may be delegated to technical areas through 
RDT & E. Deliverable data (WBS ID 6. 0) will be handled through the 
Program Office as approved by Program Control, 

B. Configuration Management - Responsible for Configuration Identification, 
Configuration Control, and Systems Integration Change Board Management 
for all vehicle and ground systems. 

C. Data Management - Responsible for all contract-generated data which 
will ultimately become contract-deliverable data (WBS ID 6. 0). This 
effort will include engineering and manufacturing drawing control and 
storage, test report control and storage, systems engineering documenta- 
tion control and storage, and administrative data control and storage. 
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Data retrieval capability shall be such that latest approved changes are 
incorporated into the data for quick response to user's request, both in- 
house, in the field, for other contractors needs and for customer needs. 

As required, current lists of released data shall be made available to 
affected users, including latest approved changes. 

D. Contract Management - Responsible for contract compliance both to 
customer as well as for contract and sub-contract efforts. Submit 
requests for payment for work accomplished (major milestones). 

Distribute payments to in-house finance groups for covering contract 
effort, expenses, vouchers, etc. Contract management is essentially 
the single representative for the contractor to the customer, and the 
reverse thereof for interpretation of the contract language. 

E. Vendor Liaison - Reponsible for Systems Integration Contractor interface 
with vendors and subcontractors. As such. Vendor Liaison acts for 

the Systems Integration (S. I. ) Contractor to ensure that vendors and sub- 
contractors are appraised of, and kept up to date on, current requirements 
imposed by the S. I. Contractor on the vendor or subcontractor and, in 
turn, that the S. I. Contractor is kept appraised of the progress and 
problems of the vendor or subcontractor. 

F. Transportation and Packaging - Responsible for the packaging and 
transportation of deliverable articles (test and production) to the 
field, or the receipt thereof from the field to the factory. Will include 
any deliverable item which must be transmitted to the Stage I or Stage II 
contractors. Does not normally include data handling. 

IV. REFERENCES 

(To be added. ) 


291 



292 


tao 



INPUTS 






Co^f7^i/cvS 


/?yAy^A^^SAJf^ 






OUTPUTS 









PAGE I OF 3 

PROGRAM TITLE ADVANCED SPACE TRANSPORT WBS NO. 6. 0 

PROGRAM TASK TITLE DATA 

(DP FORM 1423.) 

LEVEL 3, Project Level 

WBS DICTIONARY 

I. REQUIREMENTS 

NASA has specified a requirement for an Advanced Space Transport 
Program (Phase C/D) which will develop, test and deliver into an 
operational program manned, reusable Air Vehicles, together with 
ground support elements, training and spares to accomplish a 10-year 
operations program for delivering to near-earth space, and retrieving 
therefrom, certain GFE payloads. Three major end items contractors 
will participate in the RDT & E and Investment phases of the program: 

Stage II contractor, Stage I contractor and an Integration contractor. 

Each represents major efforts in the design, development, test and 
delivery of production air vehicle /ground support hardware and soft- 
ware. A fourth major contractor at the assembly level is the Main 
Engine contractor, who supplies GFE Main Propulsion Engines to 
both Stage II and Stage I. 
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•I-n accordance with DD Form 1423, or its equivalent, each major end item 
contractor will deliver to NASA, per contract, certain data which is re- 
quired by NASA for operations, maintenance and training associated with 
delivered hardware and software. Specific data will be spelled out in the 
contracts preceding Phase C go-ahead and will be subject to modification 
by CCN or other agreed upon methods during the development and invest- 
ment phases of the program. Format, reproducibility, and quantity - as 
well as distribution - will be specified by NASA and either be provided on 
government forms or contractor forms if approved by NASA. 

II. SYSTEM - LEVEL DEFINITION 

In accordance with a requirement for three major contractors to technically 
and administratively manage the Advanced Space Transport Program through 
Phase C/D (WBS Dictionary Element 5. 0), three major elements are de- 
fined at the system level for providing deliverable data as noted on 
Figure 6.0-W-7. These elements are: 

6.1 Integration Contractor Deliverable Data 

6. 2 Stage II Contractor Deliverable Data 

6.3 Stage I Contractor Deliverable Data 

The GFE Main Engine contractor deliverable data is considered to be 
separate from the scope of the above defined tasks and should be separately 
negotiated between NASA and that contractor. The same applies to any 
deliverable data resulting from GFE Payload interfaces to the RDT &: E 
and Investment phases of the Advanced Space Transport Program. 

III. FUNCTIONAL DESCRIPTION 

The major end item contractors will provide data to NASA in accordance 
with DD Form 1423 or its equivalence following Phase C go-ahead. Major 
types of data required include Technical Orders and Manuals, Engineering 
Data and Management Data. Specification as to what specific data is to be 
delivered, when, to whom, in what format, and in what quantity will be 
specified on the Form. In addition to acquiring, writing, assembling, 
reproducing, and delivering such data, a requirement will be specified 
for a data depository, i. e. a facility, to act as custodian in establishing 
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and maintaining a master engineering specification and drawing depository 
service for government-approved documents that are the property of the 
U. S. Government. As custodian for the government, each designated 
contractor is authorized by approved change orders to maintain these 
master documents at the latest approved revision level. When documenta- 
tion IS called for on a given item of data retained in the depository, the 
charges (if charged directly) will be to the appropriate data element. 

This element represents a distinct entity of its own and includes all effort 
of drafting, clerical, filing, etc. required to provide the service outlined 
above. All similar effort for the contractor's internal system, in support 
of his engineering /production activities, is excluded. Internal effort is 
part of WBS ID 5, 0 during RDT & E and Investment phases of the Program 
and part of WBS ID 12. 0 for the O & M phase of the Program. 

IV. REFERENCES 

A. MIL-STD-881. Work Breakdown Structures For Defence 
Materiel Items, 1 November 1965 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM • 


WBS NO. 7.0 


TASK TITLE OPERATIONAL /SITE 

ACTIVATION 

level 3, Project Level 


WBS DICTIONARY 


REQUIREMENTS 

NASA has specified a requirement for a manned, reusable two- stage Air 
Vehicle, together with support elements, training and spares, which will 
deliver GEE payloads to near-earth space, retrieve certain payloads there- 
from, and return safely to earth to recycle into the next mission following 
post -flight maintenance and refurbishment. Ten-year operations, preceded 
by a design, development and flight test program, are the objectives of the 
Advanced Space Transport Program 

Candidate sites for launching the Space Transport Air Vehicle include 
Kennedy Spacecraft Center (KSC), Western Test Range (WTR), or an 
inland site (WBS Dictionary Element 0.0, Para. IV. B. 14.2(h)). The 
Stage II (orbiting) vehicle, which contains and deploys /retrieves the Payload, 
shall have a nominal hypersonic aerodynamic cross range capability of 
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nOO nm, siifficient to enable it to reach the primary landing site which is 
to be in the general vicinity of the launch site (WBS Dictionary Element 
0.0, Para. IV. A. 4 and IV. B, 14.2(a)), Stage I, the boost vehicle, shall 
also be capable of returning to the primary launch site (WES Dictionary 
Element 0. 0, Para. IV. A. 10), 

Air vehicle stages shall be capable of ferry flights between airports, shall 
be launched vertically in the integrated vehicle configuration and land 
horizontally and independently, including a safe, intact landing from an 
aborted flight (WBS Dictionary Element 0. 0, Para. IV. A. 11, IV, A. 12, 
and IV. A. 16). 

Total Space Transport turnaround from landing to launch readiness should 
be less than two weeks (WBS Dictionary Element 0. 0, Para. IV. A. 23). 

Any peculiar GSE required to support a remote site landing should be 
packaged in a manner to be easily flown into the site (WBS Dictionary 
Element 0, 0, Para. IV. B. 4(a)). The vehicles shall incorporate on- 
board provisions to quickly and easily place the space transport in a safe 
condition following landing and permit unaided crew and passenger (Stage 
II) egress (WBS Dictionary Element 0. 0, Para. IV. B. 7(a)). 

Service lines at the launch pad should be minimal, preferably only for 
the main propulsion system propellants, and no umbilical disconnect 
actuation should be considered after ignition. Umbilicals that contain 
functions or services necessary to maintain the Vehicle in a safe condition - 
or return it to a safe condition - should not be disconnected prior to first 
motion of the vehicle (WBS Dictionary Element 0. 0, Para. IV. B. 14. 2(e) 
and (g)). 

The Space Transport elements should have the capability to land horizontally 
on runways no longer than 10, 000 feet (sea level on a standard day) (WBS 
Dictionary Element 0.0, Para. IV. B. 14. 2(i)). Stage II shall be able to 
land and takeoff at any of 15 possible landing sites described in Landing 
and Recovery Division Internal Note, MSC-02438 (WBS Dictionary Element 
1.3, Para. IV. 7(e)). 
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II. SYSTEM -LEVEL, DEFINITION 

The above requirements impose a need for operational sites with the 
capability to launch, recover and maintain both the Air Vehicle (WBS 
ID 1. 0) and each of the Stages and Payload which comprise the Air 
Vehicle, i. e. Stage I (WES ID 1. 4), Stage II (WBS ID 1. 3) and Payload 
(WBS ID 1. 2). In addition, integrated operations are required for both 
launch and mission control. Accordingly, the system-level elements 
which comprise Operational /Site Activation for new or modified sites 
peculiar only to Operations are noted below. If such site activation is 
performed to support Test (WBS, ID 4. 0) and no new activation is re- 
quired for Operations, then the elements noted below will be performed 
under WBS ID 4.7 and no further requirement will be needed under WBS 
ID 7. 0 (see Figure 7. O-W-8 for WBS of ID 7. 0 and Figure 4. O-W-5 for 
WBS of ID 4. 0). 

7.1 Integrated Operational /Site Activation 

7.2 Stage II Operational /Site Activation 

7.3 Stage I Operational /Site Activation 

III. FUNCTIONAL DESCRIPTION 

The functions which WBS ID 7. 0 provides for new or modified launch and 
recovery sites needed for Operations (similar requirements exist for Test, 
WBS ID 4. 7) are the conversion of site, utilities and equipment to provide 
all facilities required to house, service, launch and recover the Air Vehicle 
(and its reusable independent stages and payload) at the Operational level. 
All planning necessary to achieve this capability will be performed under 
this element, except for the System Engineering system requirements 
analysis effort which establishes the need and interfaces as part of WBS 
ID 5.0. 

Specific activation requirements will be identified following Phase C go- 
ahead at a point where the Air Vehicle and Ground Support Equipment have 
, been sufficiently identified to finalize the facility and equipment layouts 
needed for launch, mission control and recovery. The turnaround facility 
is included in WBS ID 11. 0. 
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The requirement to provide up to 15 landing sites, using existing runways, 
will probably require modification to these runways to take landing loads 
and provide necessary lighting, taxiways and aprons for the unique require- 
ments of the Space Transport stages. Support facilities and equipment, 
except at the primary landing site, must be surveyed to determine existing 
capability vs new requirements. Under the concept of alternate landing sites 
providing purge and safing capability, only (remote sites providing this 
capability in air -transportable packages), the amount of fixed equipment 
and facilities will be based on tradeoffs as to the permanency of the support 
vs the bulkiness of the end items (purge tanks, lines, controls, payload 
needs, data handling needs, communications needs, crew and passenger 
needs, takeoff needs, etc. ). Resolution of these tradeoffs, if not resolved 
in Phase B, will be resolved in Phase C/D, and the solution thereto will 
either affect WBS ID 7. 0 and/or WBS 4.7. 

Similarly, launch capability must resolve the need for launch pad; Vertical 
Assembly Building; mated vehicle transport to the pad; launch tower; 
pad servicing; vehicle monitor and status; vehicle control; vehicle, crew 
and pad safety; etc. under the concept of minimal ground support /maximum 
on-board control. If an existing facility will be utilized for Operations, 
such as KSC, then site activation will occur under WBS ID 4.7. If a new 
site is required for Operations, then WBS ID 7. 0 will handle launch site 
activation. Again, planning for this effort will fall under WBS ID 4. 8 
and/or 7. 0, based upon the requirements generated in the system require- 
ments analysis, WBS ID 5.0. 

Accordingly, no further breakout of WBS ID 7. 0 Dictionary will be generated 
until this problem is resolved, 

IV. TEST REQUIREMENTS 
(To be determined. ) 

V. REFERENCES 
(To be added. ) 
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PROGRAM 


TASK TITLE COMMON SUPPORT 


LEVEL 


EQUIPMENT 
3, Project Devel 


WBS DICTIONARY 


REQUIREMENTS 


Means are required to maintain the two-stage reusable Space Transport Air 
Vehicle; to maintain the peculiar operating ground equipment needed to 
support Vehicle launch, missions and recovery; and to maintam the peculiar 
maintenance equipment needed to ensure operational capability of the Air 
Vehicle and its peculiar ground equipment. To satisfy these requirements, 
which are a part of NASA’s Advanced Space Transport Program (WBS ID 0. 0), 
common support equipment, i. e. Federal Stock Numbered equipment, is 
required which provides the following capability to the operational program, 
as well as to the RDT & E and Investment phases which precede Operations: 

(1) provide integrated organizational and intermediate level equipment 
needed to transport, handle, checkout and service the Air Vehicle and 
its support equipment; (2) provide organizational, intermediate and depot 
level equipment needed, to transport, handle, calibrate, test and checkout. 
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service, and repair Stage II and its support equipment; and, (3) provide 
organizational, intermediate and depot level equipment needed to transport, 
handle, calibrate, test and checkout, service and repair Stage I and its 
support equipment. 

II. SYSTEM-LEVEL DEFEMITION 

Five major elements define the common maintenance ground equipment 
(MGE) and depot maintenance ground equipment (DMGE) which comprise 
the common support equipment for the Advanced Space Transport Program. 
This equipment is defined in accordance with the three major end items 
which are a part of this Program (integration, i. e. Air Vehicle peculiar; 

Stage II peculiar; and Stage I peculiar) and in accordance with the maintenance 
levels associated with this Program (organizational level, e.g. maintenance 
associated with the installed on-board vehicle equipment, such as test, 
fault isolate, remove and replace, checkout; intermediate level, e. g. 
maintenance associated with the removed air vehicle module or assembly 
to determine the fault, thenremove and replace faulty component or module; 
and, depot level, e.g. maintenance associated with the faulty component 
or module to determine the fault, thenremove and replace and conduct repair 
thereon, including post repair checkout). Maintenance associated with 
the Payload (WBS ID 1. 2) is not included, except that transportation and 
handling (T St H) equipment needed for Integration and Stage II shall, to 
the extent feasible, be available to support installation/removal of Paylo_ad 
into /from Stage II. 

Accordingly, the elements which comprise WBS ID 8. 0 (see Figure 8. O-W-9) 
include the following systems: 

8.1 Integrated Organizational /Intermediate Equipment 

8.2 Stage II Organizational /Intermediate Equipment 

8.3 Stage II Depot Equipment 

8.4 Stage Organizational /Intermediate Equipment 

8.5 Stage I Depot Equipment 

Details on these systems are provided at lower levels of the WBS Dictionary. 
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III. FUNCTIONAL DESCRIPTION 

At Phase C go-ahead, final design of the Air Vehicle {WBS ID 1. 0) 
and support elements will be initiated. Preliminary design is assumed 
to be completed {Phase B). Air Vehicle PDRs (WBS ID 5.0) will be held 
to review Part I specifications of the Contract End Items (CEIs) which 
each major air vehicle contractor, together with NASA, have defined. 
These will establish the air vehicle design which must be satisfied with 
CEIs Part II (WBS ID 1. 0). 

Following Air Vehicle PDRs, the system requirements analysis (WBS 
ID 5. 0) can be completed to define the operating ground equipment (OGE) 
required to support launch, flight and recovery of the Air Vehicle and its 
elements. OGE PDRs will be held to review Part I specifications of the 
CEI*s which' each major ground support contractor, together with NASA, 
have defined. These will establish the OGE designs which must be 
satisfied with CEIs Part II (WBS ID 2. 0). 

Following the Air Vehicle PDR, the maintenance analysis, begun in 
Phase B, can be completed to define the requirements and solutions to 
these requirements needed to maintain the Air Vehicle (Integration, 

Stage II, Stage I) at the organizational, intermediate and depot levels. 

The equipment needed to satisfy the Air Vehicle maintenance analysis 
is termed MGE (maintenance ground equipment) and DMGE (depot 
maintenance ground equipment) and will consist of both peculiar (CFE) 
and common (GFE) equipment needed to transport, handle, test, check- 
out, calibrate, service and repair the Air Vehicle in accordance with 
Program objectives and requirements. Peculiar MGE for the Air Vehicle 
and its Stages will be designed, developed and tested under WBS ID 3. 0 
as single end items and installed and tested at the using site under WBS 
ID 4. 0 for the systems test program and under WBS ID 7, 0 for any new 
sites which are required. Common MGE, that is equipment which is 
identified to already be available by Federal Stock Number (FSN) through 
government stores, will be procured under WBS ID 8.0 and "loaded" 
according to site need (WBS ID 4. 0, 7.0), 
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Similarly, following OGE PDRs, the maintenance analysis, begun in 
Phase B, can be completed to define the requirements and solutions 
to these requirements needed to maintain the peculiar operating 
ground equipment (OGE) at the organizational, intermediate and depot 
levels. This equipment is also termed MGE and DMGE in accordance 
with where, in the maintenance cycle, it is required. Again, design 
and development is a function as to whether the equipment is peculiar 
(CFE) or common (GEE), common being procured as ESN equipment, 
under WBS ID 8. 0. 

Following the maintenance analysis on air vehicle and OGE, maintenance 
analysis on MGE and DMGE can be completed to identify any new equip- 
ments, peculiar and common, needed to maintain this equipment. 

At appropriate points, PDRs can be held on CEIs Part I for air vehicle 
MGE/DMGE, OGE MGE /DMGE and MGE and DMGE MG'E/DMGE. These 
PDRs will provide approved requirements for equipment which can be 
satisfied by either design, development or modified designs or by ESN 
designation. Thus, CDRs on MGE and DMGE can be held when Part II's 
or their equivalence demonstrate to NASA that an acceptable end item 
either exists or can be fabricated or modified to meet the requirement, 

IV. DESIGN REQUIREMENTS 

The common support equipment (MGE/DMGE) shall be designed to 
support Program requirements specified in WBS Dictionary Element 

0, 0, Air Vehicle requirements identified in WBS Dictionary Element 

1. 0 and lower levels thereof, and operating ground equipment require- 
ments identified in WBS Dictionary Element 2, 0 and lower levels there- 
of. Specific design requirements will be developed in Phase C and 
delineated on CEIs Part I. Preliminary design requirements for Integrated, 
Stage II and Stage I vehicle and OGE common support equipment are 
specified in lower levels of WBS ID 8.0. 
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TEST REQUIREMENTS 

Test requirements for common support equipment are not required except 
for receiving/inspection and verification that the selected items perform 
as required in their assigned maintenance area. 

REFERENCES 

{To be added, ) 
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WBSNO.. 


PROGRAM 


TASK TITLE INITIAL SPARES REPAIR 
PARTS 

L£VEL 3, Project Level 


WBS DICTIONARY 


REQUIREMENTS 


NASA has specified a requirement for a manned, reusable two-stage Air 
Vehicle, together with support capability, training and spares, to accomplish 
a 10-year operations in launching GEE payloads to near-earth space, to 
retrieve certain payloads therefrom, and to safely reenter to a selected 
or alternate landing site and recycle the Stages for the next mission. The 
Advanced Space Transport Program (Phase C/D) will consist of RDT & E, 
Investment and Operations and Services phases where major end items will 
consist of Stage I-oriented, Stage Il-oriented and Integration-oriented air 
vehicles, operating ground equipment, and maintenance ground equipment 
together with training and deliverable data to enable IOC, then 10-year 
operations. Spares and repair parts for test programs will be identified 
and delivered under WBS ID 4. 0. Initial spares and repair parts for first 
year Operations will be identified and delivered under WBS ID 9. 0. CFE 
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spares and repair parts will be manufactured under their separate categories 
(WBS ID 1. 3, Stage II; WBS ID I. 4, Stage I; WBS ID 2. 0, Operating Ground 
Equipment, and WBS ID 3.0, Peculiar Maintenance Ground Equipment). 

Spares for Training aids, simulators, etc. will be manufactured in similar 
manner, if deliverable to the Operational Program. 

II. SYSTEM-EEVED DEFINITION 

As noted on Figure 9. O-W-10, five major elements comprise initial spares 
and repair parts at the system level. Details on these elements are de- 
fined at lower levels. 

9.1 Stage II Vehicle Spares and Repair Parts 

9.2 Stage II GSE Spares and Repair Parts 

9.3 Stage I Vehicle Spares and Repair Parts 

9. 4 Stage I GSE Spares and Repair Parts 

9.5 Integrated Equipment Spares and Repair Parts 

III. FUNCTIONAL DESCRIPTION 

Following Phase C go-ahead, design will be completed on the Air Vehicle, 

OGE and MGE/DMGE to enable the flight test program {pre-flight, taxi, 
ferry test, horizontal flight test, vertical flight test) to be accomplished. 

During these phases, the reliability and maintainability plans developed 
in Phase B and approved and implemented in Phase C will establish re- 
liability and maintainability goals which can be monitored to verify failure 
rates as well as refurbishment requirements, basically in Air Vehicle 
elements. Failure rates in GSE will also be monitored to verify spares 
and refurbishment requirements, particularly in critical equipment. On 
this basis, a statistical capability will exist toward the end of RDT & E to 
enable evaluation of the requirement for initial spares and repair parts for 
Operations. As agreed upon between NASA and the major end item contractors, 
an order can be placed at an appropriate time to fabricate and/or procure 
needed spares and repair parts to achieve IOC and enter 10-year Operations. 

To augment this requirement, any new complete sets of GSE needed because 
of new sites will be added, together with their spares, to enable Operations 
to begin. 
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IV. TEST REQUIREMENTS 

Initial spares and repair parts, as required, will be verified at. the 
contractor or supplier facility prior to shipment. Receiving /inspection 
should suffice at the received site. 

V. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 


TASK TITLE TRAINING 


LEVEL 


Proiect Level 


WBS DICTIONARY 


REQUIREMENTS 

NASA has specified a requirement for an Advanced Space Transport Program 
(Phase C/D) which will design, develop, test and operate manned, two-stage 
reusable, i, e. winged. Air Vehicles: (1) to deliver GFE payloads to near- 
earth space; (2) to rendezvous and dock with space stations and space bases 
on some missions so as to deliver the payload to the target; (3) to deploy 
payloads from the space base, space station or from free safe on other 
missions; and (5) to reenter the earth’s atmosphere following a mission so 
as to cruise to and land at a conventional airport. Following a safe and 
purge operation at the landing site, a ferry flight (both stages: Stage II, 
only, conducts the mission; Stage I is the boost vehicle) is conducted to 
the turnaround facility for post-flight maintenance and refurbishment to 
•prepare for the next mission, Details on the Air Vehicle are to be found 
in WBS Dictionary Element 1. 0 and lower levels thereto. 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 



SCHEDULE NOT GENERATED FOR THIS 
ELEMENT. SEE MASTER SCHEDULE. 
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To support the mission, operating ground equipment (OGE) and maintenance 
ground equipment (MGE/DMGE) will be provided to enable launch, flight 
and recovery and necessary maintenance associated therewith. Details 
on the ground support equipment required for Operations, and for test 
programs which verify operational capability, are found in WBS Dictionary 
Elements 2. 0 (OGE) and 3. 0/8. 0 (MGE/DMGE). 

To achieve IOC, training will be required to enable flight crews and ground 
crews to conduct both flight test and Operations. It is NASA's desire to 
utilize astronauts to man Stage II and Stage I, both during flight test and 
during Operations, Contractor flight test support will be required through- 
out the flight test program including use of test pilots in early flights. As 
astronauts acquire familiarity with the Stages during design phases 
(including providing recommendations as to how the final design can best 
result in a well-integrated man -machine product), astronaut proficiency 
will develop first through flight simulator practice, then through flights 
in the flight test vehicles, themselves. 

Ground crews will be initially trained through contractor courses which 
familiarize them with OGE, MGE and DMGE. Later, these crews will 
be cycled into the test program to assist in operating delivered equipments 
at the various test facilities and turnaround facility. 

II. SYSTEM -LEVEL DEFINITION 

Two of the major end items of the Advanced Space Transport Program 
are Stage II (WBS ID 1.3), which is the orbiting space transport vehicle, 
and Stage I (WBS ID 1.4), which boosts Stage II and its payload (WBS ID 
1. 2) to a point in the ascent trajectory to enable orbit to be achieved. 

Ground support equipment is similarly Stage -oriented. Accordingly, 
the training effort will be Stage -oriented, as noted on Figure 10. O-W-10.11. 
Training elements at the system -level, include the following: 

10,1 Stage II Flight Crew Training 

10, 2 Stage II O & M Crew Training* 

10, 3 Stage I Flight Crew Training 

10.4 Stage I O & M Crew Training* 

(*0 & M; Operations and Maintenance) 
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A third major end item is Integration. Insofar as end-item hardware is 
concerned, such hardware is basically ground support- oriented. Any 
unique training associated with Integration OGE/MGE can be included 
in 10.1 and 10.2, unless otherwise directed by NASA. 

III. FUNCTIONAL DESCRIPTION 

At Phase C go-ahead, vehicle design will proceed through PDRs, 
development testing, CDRs, and fabrication of structural test vehicles 
and flight test vehicles to enable the flight test program to begin. 

Similarly, ground support equipments will be defined, proceed through 
PDRs, development and CDRs, and fabrication and/or procurement to 
support flight test. 

At an appropriate point, training can begin. Flight test training simulators 
will be defined, reviewed in PDRs, developed, reviewed and approved in 
CDRs and fabricated and delivered to enable flight training to begin. 
Dynamic mockup utilization (WBS ID 4. 8 and 4. 9) will provide vehicle 
inputs to simulator design to synthesize flight loads and reactions needed 
to establish vehicle response through the integrated flight control, crew 
control, and data management network. With simulations of ferry flight, 
horizontal flight and mated flight (vertical ascent, space injection, space 
missions, deorbit, reentry, cruise, approach and landing) functions 
displayed to the trainees, together with both automatic and manual mode 
control, astronauts can become familiar with both vehicle and mission so 
that in actual flights they are proficient in the man-machine interface. 

Phasing of flight test simulator hardware and software availability into 
the test program (WBS ID 4. 0) is critical in that authenticity of simulator 
functions should be available in time to allow flight crews to receive 
training prior to use of such crews in the flight test vehicle flights. 
Separate simulators will be required for both Stage II and for Stage I. 
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Ground crew training can be initiated at such point as GSE is defined, 
developed, fabricated and/or procured, and delivered to the test site. 
Contractors will be responsible for much of the operation of GSE in 
the test phase. However, operational crews can gain proficiency in GSE 
functions through actual utilization of peculiar GSE during horizontal, 
vertical and mated test flights, including recovery operations and turn- 
around operations. Thus, at IOC, ground crews will be fully competent 
to take over the entire ground operation. 

IV. REFERENCES 

{To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBS NO. 11. 0 


TASK TITLE INDUSTRIAL FACILITIES 

(PECULIAR) 

LEVEL 3, Project Level 


WBSDICTIONARy 


I. REQUIREMENTS 


NASA has specified a requirement for an Advanced Space Transport Program 
(Phase C/D) to design, develop, fabricate and test manned, reusable two- 
stage Air Vehicles capable of delivering GFE payloads to near-earth space, 
to deploy /retrieve payloads into /from space, and to safely return to a 
designated or alternate landing site for post-flight purge and safing operations, 
followed by ferry flights (if required) to the turnaround facility for prepara- 
tion for next mission. WBS Dictionary Elements 0. 0, 1. 0, 2. 0 and 3. 0/8. 0 
define the total program requirements, vehicle requirements, and support 
requirements. Other WBS elements define test requirements (4. 0), system/ 
program management requirements (5. 0), and initial spares and repair parts 
requirements (9. 0). Site activation is defined under WBS ID 4. 7 for mated 
flight tests and under WBS ID 7. 0 for new Operational site requirements, if 


TASK SCHEDULE MILESTONES 
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To support the RDT St E, Investment and O St M phases of the Advanced 
Space Transport Program, a need will exist for peculiar industrial 
facilities which provide: (1) production and support capability to manufacture 
prototype, test article and production article Air Vehicle stages including 
tooling and inventory capability therefore; and (2) the turnaround facility at 
the launch /primary recovery site needed for both mated test flights and for 
Operations. Other facilities needed for test purposes only are defined under 
WBS ID 4. 0 as appropriate. 

The peculiar production facilities needed for vehicle fabrication and factory 
test may currently exist, in which case the task required here is that of 
survey, -planning, and modification as required to satisfy the producibility 
and test requirements. If new or expanded production test capability is 
required, additional effort will be required to ensure parts, components, 
modules, and assemblies are available as well as to handle the sub-assembly, 
final assembly, factory test, and roll-out functions. 

The turnaround facility shall provide the needed capability to handle stage 
receiving /inspection and storage; pre -flight /post -flight checkout, test and 
servicing; and to handle the organizational -level, intermediate -level, and 
depot -level maintenance needed to support the two-week turnaround require- 
ment (WBS Dictionary Element 0. 0, Para. IV. A. 23). Special maintenance 
required for such vehicle assemblies as air-breathing engine maintenance 
may best be handled other than at the turnaround facility. Other special 
maintenance (sensitive electronics, for example) may also require off-site 
maintenance. 

The Inventory and Logistics industrial facilities support production as well 
as Operations through providing storage, warehousing, and support at the 
contractor facility, the test facility, and the operational site necessary for 
inventory of parts, modules, assemblies- and f inished articles as called for 
by facility contracts which support RDT & E, Investment and O & M, 

II. SYSTEM-LEVEL DEFINITION 

The three major end items of the Program identify the system-level elements 
which define the peculiar Industrial Facilities for the Advanced Space 


329 


P 3 OF 4 



\ZQUGHT MISGIL.E& 
AND CDI\/lf=»ANY 


WBS CODE 11. 0 


Transport Program. These elements, shown on Figure 11. O-W-12, are: 

11.1 Integrated Operations and Support Facilities 

11. 2 Stage II Operations and Support Facilities 

11.3 Stage I Operations and Support Facilities 

III. FUNCTIONAL DESCRIPTION 

During Phase B, major contractors for Stage I and Stage II will have 
initially developed their analysis and plans for the facilities required to 
produce prototype, structural test article, flight test vehicles and production 
vehicles required for the Advanced Space Transport Program. Initial 
decisions for parts storage, production test, factory support equipment, 
tooling, warehousing, sub-assembly and final assembly, factory end-to-end 
testing and roll-out will have been derived. In addition, initial decision- 
making on whether the facility exists, requires modification, or requires new 
capability will have' been completed and whether the facility is to be 
contractor -furnished or government -furnished, including maintenance 
thereof through the RDT E and Investment phases. 

Based on the above assumptions, the effort at Phase C go-ahead will be to 
prepare Part I*s on each Stage production and inventory facilities, to hold 
a PDR (WBS 5.0) to review and approve Part I's, and to demonstrate 
capability to meet Part I's through A & E drawings which will be reviewed 
in CDR (WBS 11. 0). Upon approval thereof, contracts can be let to build, 
modify or otherwise implement the facility designs. Upon completion of 
the facility construction/conversion/or expansion, production can begin. 

The foregoing assumes NASA desires control of the facility through RDT & E 
and Investment. Maintenance of the facility(ies) will be the responsibility 
of the contractor or as otherwise specified in the facility contract. 

To provide the turnaround facility, preliminary planning in Phase B can be 
completed in Phase C/D and Part I specifications prepared at such time as 
the vehicle and ground support equipment (MGE/DMGE) are sufficiently 
defined to verify turnaround requirements are firm. At this point, a PDR 
(WBS 5. 0) can be held to review the analysis and Part I specification. Upon 
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approval of Part I*s, A & E drawings for the turnaround facility can be 
finalized and reviewed in CDR (WBS ID 11. 0). Upon approval of these plans 
contracts can be let to construct, convert or expand existing or new 
facilities to satisfy the requirements. Activation of the turnaround 
facility will be accomplished under WBS ID 4, 7.3. 

IV. REFERENCES 
(To be added. ) 
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WBS NO. 12. 0 


PROGRAM 


TASK TITI F. OPERATIONS AND 

SERVICES 

LEVEL 3. Project Level 


WBS DICTIONARY 


REQUIREMENTS 

NASA has specified a requirement for an Advanced Space Transport Program 
(Phase C/D) to develop, test and deliver Air Vehicles and support capability 
(ground support equipment, turnaround facilities, launch and recovery 
facilities, logistics support capability, flight crews and ground crews, 
documentation, and all other needed capability) to conduct a 10-year 
operations in earth to near-earth space transport of GEE payloads. The 
Air Vehicle is to be manned, is to be reusable, and is to be two-stage. 

The operations and services phase of this program requires that payloads 
be delivered to and retrieved from space in accordance with the following 
traffic model: 


TASK SCHEDULE MILESTONES 
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OPERATIONAL 

YEAR 

NUMBER OF 
LAUNCHES /YEAR 

TYPES OF 
MISSIONS 

EPHEMERIS OF 
MISSIONS 

1 

10 

. Planetary 

. 100 nm Alt. , 

2 

15 

. Space 

28. 5-33 deg. 
inclination 

3 

20 

Application 

. Astronomy 
Experiments 

. 200-270 nm Alt. , 
28.5-33 deg. 
inclination 

4 

30 

5 

40 

. DOD 

. 100 nm Alt. , 

6 

50 

. Bioscience 

55-63 deg. 
inclination 

. 270 nm Alt. , 
55-63 deg. 

7 

6 0 

. Space 

8 

70 

Physics 

9 

75 

. Non -NASA 

inclination 

10' 

75 

. Development 

. 100 nm Alt. , 
90-100 deg. 
inclination 

Total Launches 445 

. Astronomy 


The launch and primary recovery sites, as well as turnaround facility, 
are to be in the same general vicinity. Alternate landing sites will be 
available for independent stage landings if required. Characteristics 
of the Program elements required are denoted in WBS Dictionary elements 
corresponding to WBS ID 1. 0 through 12. 0 as noted on Figure 0. O-W-2. 

A requirement exists, therefore, that the Operations and Services phase 
of the Program implement the above Traffic Model as noted in lower 
levels of WBS ID 12. 0 and that the preparations for 10-year Operations 
be carried out under Phase C/D to transition from RDT E and Investment 
into Operations when IOC is available. 
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II. SYSTEM-LEVEL DEFINITION 

Six major elements are defined at the system level to provide an operational 
capability. Details on these elements (see Figure 12. 0-W-«12) are further 
defined at lower levels of the WBS Dictionary. 

12.1 Launch Operations and Services 

12.2 Flight Operations and Services 

12.3 Recovery Operations and Services 

12. 4 Sustaining Engineering 

12.5 Payload Integration Office (Operations) 

12. 6 Operations and Support Management 

III. FUNCTIONAL DESCRIPTION 

At IOC, a capability will exist to implement the lO-year Traffic Model 
in accordance with Payload and/or Space activity requirements. Current 
planning is to have available 5 Stage II vehicles and 4 Stage I vehicles 
with demonstrated capability to perform the baseline and reference 
missions (WBS Dictionary Element 0.0, Para. IV. 3). 

Launch and primary recovery will be conducted at Kennedy Spacecraft 
Center (KSC),at Western Test Range (WTR) or at an inland site. 

Flight crews will be astronauts trained in Space Transport simulators 
and flight test vehicles. Ground crews will be NASA or others who have 
been trained to handle launches, mission control, recovery and maintenance. 

During each mission, surveillance, tracking and identification will be 
handled by the Global Range. SPADATS will be appraised of mission 
interfaces, FAA will be appraised of CONUS overflights which impact 
air traffic control. Foreign governments will be notified as required 
for emergency landings, DOD will be advised as to interfaces affecting 
remote site support. 
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A capability will exist for retrieving and supplying to the crews and mission 
planners needed pre -flight data of a statistical nature affecting vehicle 
status, previous flight histories, expected mission events, target characteris- 
tics and status, space activity, recovery status, abort tradeoffs, etc. 

Real-time data will be available on conditions affecting the mission: 
meteorology, vehicle status, target status, air traffic, space traffic, etc. 

The Payload Integration Office will handle Payload deliveries. Payload 
checkout, and Payload and Passenger functions preparatory to flight. 

Similar services will be provided for post-mission Payload handling. 

Services will be provided on such factors as consumables and purging 
provisioning (launch site, recovery sites), quarters, personnel support, 
data support, parts control, storage, warehousing, housekeeping, etc. 

Operations & Support Management will handle administration, mission 
planning, training, budgets and controls, finance, contracts administration, 
security, coordination, personnel, and other controls needed for operations. 

Sustaining engineering will be required to handle vehicle and equipment 
spares and refurbishment provisioning, desired modifications, and other 
OEM contractor support. 

Safety, reliability and other types of effectiveness factors should be 
monitored, both as to their effect on current operations as well as for 
statistical bases for future NASA or DOD programs of similar or more 
advanced nature. 

IV. REFERENCES 

(To be added. } 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


WBSNO. 12.1 


TASK TITLE LAUNCH OPERATIONS 

& SERVICES 

LEVEL 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 

A requirement will exist, in the Operations phase of the Advanced Space 
Transport Program, to launch the NASA Space Transport Air Vehicles at such 
times as GEE payloads are available or if rescue missions are required. 
Current requirements (WBS Dictionary Element 0, 0, Para. IV) call for turn- 
arounds, from just-concluded missions, of less than two weeks for nominal 
capability and an ability to complete rescue missions (including personnel 
transfer) within 48 hours after notification. Other requirements call for all- 
azimuth launch capability, launch phasing capability for day and night 
rendezvous and docking with a space station, launch on time for all azimuths, 
and a capability to checkout the Stages in a mated and unmated configuration, 

SUBSYSTEM- LEVEL DEFINITION 

The major elements of the Operations phase Launch Operations and Services 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 




SEE HIGHER LEVELS FOR DETAIL SCHEDULES 
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are identical to those for Manned Orbital Test (WBS ID 4'. 7.1) at the sub- 
system (5th) level. At the Assembly (6th) level, the elements are essentially 
identical with the exception of a need for launch site activation, it being 
assumed that the Operations phase launch site will be activated for test and 
retained for Operations. If this assumption is incorrect, new launch sites 
will be activated under WBS ID 7. 0 (see Figure 0, O-W-2) prior to Operations. 
If new launch sites after activated post-IOC, a need will exist to checkout 
these new sites prior to meeting launch rates specified in WBS Dictionary- 
Element 12. 0. 


Accordingly, the subsystem (5th) level elements are: 

12.1.1 Integrated Operations and Services 

12.1.2 Stage Il/Payload Operations and Services 

12.1.3 Stage I Operations and Services 


III., FUNCTIONAL DESCRIPTION 


The applicable functions (see Figure 12. O-W-13) to be performed during 
launch operations will be similar to those defined in WBS Dictionary Element 
4.7.1. New Stages (production and retrofitted flight test vehicles, FTVs) 
will require receiving /inspection tests after receipt from the factory. 

Payloads will vary and will require their own receiving /inspections, tests 
and standby until Stage II is ready to receive them. Flight software must be 
prepared in advance in accordance with payload needs. For emergency 
missions, flight software must to the extent feasible be quickly programmable 
in accordance with rescue needs. Ground software must also be preparable 
on short notice for emergency requirements to assist in checkouts and launches. 
Range software must be adaptable to support launch and flight in accordance 
with flexible mission needs. The Payload Integration Office (WBS ID 12.5) 
and Operations and Support Management office (WBS ID 12, 6) must be 
thoroughly integrated into launch operations for needed ground personnel 
support, equipment readiness, spares and repair parts accessibility, flight 
crew and standby crew readiness, consumables availability, recovery site 
readiness, etc. 
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Specific launch plans and contingency plans will be developed during 
Phase C/D but will be modified during Operations as the Program 
matures. Further definition must await the experience of test and 
Operations to be more finite. 

IV. REFERENCES 

{To be added. ) 
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PROGRAM 


PAGE 1 OF L. 

WBS NO. 2 

TASK TITLE FLIGHT OPERATIONS & 

SERVICES 

LEVEL 4, System Level 


REQUIREMENTS 

Operational flights will be conducted to meet Payload user needs and to per- 
form rescue missions in accordance with nominal and emergency plans 
developed in Phase C7D and upgraded for IOC and for the Operations phase 
of the Advanced Space Transport Program, The 445 -flight Baseline Traffic 
Model shown in WBS Dictionary Element 12. 0 is representative of the missions 
to be flown during the Operations phase. It is required that the Space Trans- 
port Air Vehicles perform these missions on time, for all-azimuth launches, 
and within their design capability so as to not endanger crew, payload, target 
vehicle (if applicable) or range. 

As noted in WBS Dictionary Element 0. 0, Para. IV, payloads will vary from 
zero to maximum capability, mission durations from liftoff to landing may 
require seven days or longer, rescue missions must be completed within 48 
hours from notification, launch and entry tra.iectories must not exceed, 3 g's 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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for Stage II, and return capability must have go -around to the landing site 
and/or capability for power-off landings i£ required. Intact abort for both 
Stages is required. 


II. SUBSYSTEM -LEVEL, ELEMENTS 


The major elements at the subsystem (5th) level are identical in the Operations 
phase to those in the Test phase (WBS ID 4. 7. 2) with the exception that real 
Payloads (WBS ID 1. 2) will be aboard and trajectories will be real rather than 
test and demonstration. At the assembly (6th) level, all ground functions are 
grouped together (see Figure 12. O-W-13 for Operations and Figure 4. O-W-5 
for Test). 

Accordingly, these elements are: 

12. 2. 1 Stage II /Payload Flight Operations 
12. 2. 2 Stage I Flight Operations 
12.2.3 Ground Operations and Services 

FUNCTIONAL DESCRIPTION 


Flight profiles from liftoff to stage separation for the Air Vehicle (WBS ID 
1. 0) are expected to be identical for Operations to those of Test with the 
variance being liftoff weight (function of Payload weight, launch azimuth and 
mission duration) and ascent maneuvers to program the Vehicle onto the 
desired azimuth at separation. Follow separation, the Stage I vehicle will 
return to the launch site for refurbishment and preparation for the next 
mission. Stage II and its payload (may be zero on certain missions) will 
continue to the injection orbit, circularize to deploy free payloads or translate 
to target altitudes for rendezvous and docking and/or to deploy free payloads 
as required. Upon mission completion. Stage II will deorbit and reenter to 
the selected landing site based upon ground cues. Upon landing and cleanup, 
including payload and data removal. Stage II will return to the launch site 
for refurbishment and preparation for the next mission. For major engine 
overhauls and major refurbishment, downtimes can be minimized by having 
adequate, checked out spares and repair parts on hand. These latter functions 
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are part of WBS ID 12.3, but affect WBS 12. 2 capability to perform flight 
operations safely and with minimum equipment failures. 

During flight operations, communications with ground control can keep the 
flight crew appraised of any mission changes including landing site status 
(weather, equipment problems, heavy traffic, etc. ). If a Comsat is available 
for relay of communications, on-board capability should be used to ensure 
communications is constant when the Stage is normally out of contact with 
ground transceivers. 

IV. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM ‘ 


PAGE I OF 2 

W8S NO 12* 3 

TASK TITLE RECOVERY OPERATIONS 

fe SERVICES 

LEVEL 4. System Level 


WBS DICTIONARY 


REQUIREMENTS 


Recovery operations and services for the Operations phase will be required 
to handle five Stage II vehicles and four Stage I vehicles (current concept) so 
as to meet the two-week turnaround requirement as well as 48-hour rescue 
requirement called for in WBS Dictionary Element 0. 0, Para. IV. To meet 
these requirements, a flexible recovery capability (emergency plus normal 
logistics support) must be on standby, or each alternate landing site (and 
emergency support base) must be stockpiled with needed ground handling 
capability (purge, safing, payload /passenger /crew/data handling) including 
as-called for spares. Experience will resolve this tradeoff. 

At the turnaround facility, organizational, intermediate -and depot level 
maintenance must be available to handle scheduled and unscheduled mainte- 
nance on engines, batteries, thermal protection components and assemblies, 
seals, bearings, pumps, valves, tires, brakes, expendables, etc. as well 


TASK SCHEDULE MILESTONES 


PERIOD 

ENDING 
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as take care of crew station cleanup, lighting maintenance, filter replace- 
ments, and handling maintenance requirements resulting from flight records 
and ground operations maintenance monitoring. 

II. SUBSYSTEM-LEVEL DEFINITION 

The major subsystem (5th) level elements for operational Recovery Operations 
and Services are essentially identical to those for Test (WBS ID 4.7.3) 
except that real Payloads will be aboard recovered Stage IPs. At the 
assembly (6th) level, operations will be similar to those reported in WBS 
Dictionary Element 4.7.2. Accordingly, subsystem (5th) level elements 
are (see Figure 12, O-W-13): 

12. 3.1 Stage Il/Payload Recovery Operations and Services 

12.3.2 Stage I Recovery Operations and Services 

12.3.3 Integrated Recovery Operations and Services 

m. FUNCTIONAL DESCRIPTION 

The descriptions provided in WBS Dictionary Element 4.7.3, Paras. Ill 
and IV, are applicable to Operations as well as to Test, except that Recovery 
Site activation and Turnaround Facility activation are assumed to have 
occurred for Test and/or to have occurred under WBS ID 7. 0 if new 
operational recovery sites are required. 

IV. REFERENCES 

(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
PROGRAM 


PAGE__1 OF 

WBS NO. 

TASK TITLE SUSTAINING 

ENGINEERING 

LEVEL 4, Subsystem Level 


WBS DICTIONARY 


REQUIREMENTS 


To maintain a 10-year Operations capability, NASA may choose to retain a 
Sustaining Engineering effort to support spares provisioning, change engineer- 
ing and other contractor support for Stage II and Stage I during the Operations 
phase. K this capability is required, contracts to this effect will be let prior 
to IOC to preserve critical tooling, documentation, and contractor engineering 
and services support to transition into Operations from the RDT & E plus 
Investment phases of the Program. 

SUBSYSTEM-LEVEL DEFINITION 

Assuming Sustaining Engineering is required, two major elements are identi- 
fied at the subsystem (5th) level. These include support for Stage II vehicles 
and ground support equipment and for Stage I vehicles and ground support 
equipment. Other potential support elements may include GEE Main Engines, 
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Integration, and any other GFE equipments which are not expected to be 
readily off-the-shelf or available from Government stores. Consumables 
and ground services which were not CFE for RDT & E and Investment can 
probably best be handled by Operations and Support Management (WBS ID 
■ IZ. 6). Payload Integration may be handled by the Payload Integration Office 
(WBS ID 12.5), assigned to an Integration Contractor, or assigned to Stage II 
Sustaining Engineering. At this time. Figure 12. O-W-13 identifies only two 
major elements at the subsystem (5th) level. 

12. 4. 1 Stage II Systems Support 
12.4.2 Stage I Systems Support 

III. FUNCTIONAL DESCRIPTION 

Stage II and Stage I Systems Support may be required in the Operations 
phase of the Advanced Space Transport Program to provide spares support, 
engineering change capability, training support, data support, major 
vehicle mod programs, research support, etc. The decision for this will 
need to be made during Phase C/D at that point prior to IOC when: (1) tooling 
dispositions must be made; (2) test setups dispositions must be reviewed; 

(3) mockups and simulators dispositions must be considered; and (4) other 
production or support capabilities generated for RDT & E and investment 
must be analyzed for continuing need into the Operations phase. At such 
points in the Program, need for Sustaining Engineering can be resolved. 
Further definitions of need must, then, await Phase C/D evaluation for 
further clarification on these decisions. 

IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPORT 
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WBS NO. 12. 5 


PROGRAM 


TASK TITLE PAYLOAD INTEGRATION 
OFFICE (OPERATIONS) 

level 4, System Level 


WBS DICTIONARY 


REQUIREMENTS 


A need will exist during the Operations phase of the Advanced Space Transport 
Program to integrate GFE Payloads (WBS ID 1. E),with Stage II (WBS ID 1, 3) 
and with Stage I (WBS ID 1. 4) as well as with affected launch equipment (WBS 
ID Z. 5/2. 7) and recovery equipment (WBS ID 2. 6/3. 0/8. 0). This need will be 
met through transitioning the Payload Integration functions for RDT St E 
(WBS ID 5. 5) into an as -required capability for Operations. 

SUBSYSTEM-LEVEL DEFINITION 

Functionallyi Payload Integration for the Operations phase can be broken into 
types of Payloads (Planetary, Space Application, Astronomy Experiments, 
DoD, Bioscience, Space Physics, Non-NASA, Development, Astronomy, etc. ) 
or into types of users (Government, Colleges and Universities, Foreign, 
Commercial, etc. ). No attempt will be made at this time to partition this 
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Office. 

III. FUNCTIONAL DESCRIPTION 

The value and utility to NASA in establishing a Payload Integration Office 
(Operations) as a follow-on to such an office for development of the Space 
Transport vehicle and support will be in having an engineering and administra- 
tive office to integrate payloads into the Space Transport Program which: 

(1) are compatible with capability of the Transport Vehicle and ground support, 

(2) make maximum use of ground handling and checkout capability already 
developed, and (3) can act to program and schedule missions sufficiently in 
advance so as to not degrade existing schedules and capabilities which are 
inherent in the as -procured on-going Program. Additionally, the Payload 
Integration Office will have become thoroughly familiar with Advanced 
Space Transport Program development history, hardware and software 
capability and missions capability and can act to procure Payloads which 

/ are within the spectra of capability provided by the Space Transport systems. 

Further definition of the functions of this Office must await Phase C/D 
maturity as well as capability to support space bases, space stations and pay- 
loads which evolve to utilize the Space Transport potential. 

IV. REFERENCES 
(To be added. ) 
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PROGRAM TITLE ADVANCED SPACE TRANSPOR-; 


WBS NO. 12.6 


TASK TITLE OPERATIONS &: SUPPORT 

MANAGEMENT 

LEVEL 4, System Level 


REQUIREMENTS 

A NASA Program Office will be required for the Operations phase of the 
Advanced Space Transport Program to administer and manage the Operations 
and Support functions associated with Space Transport launches and recoveries, 
provide contracts for services and consumables, and handle the business and 
technical end of this Program. 

SUBSYSTEM-LEVEL DEFINITION 

Delineation of the organization which will comprise the Operations and Support 
Management Office, Advanced Space Transport Program, is a NASA responsi- 
bility. 
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m. FUNCTIONAL DESCRIPTION 


The Operations and Support Management Office will handle the technical 
and administrative functions associated with lO-year operations of the 
Advanced Space Transport Program. Types of functions which this office 
is anticipated to handle include the following: 


. Mission Planning 


. Logistics Management 


. Contracts Management 


. Spares Management 


. Training Management 


. Data Management 


Vehicle assignments vs Payloads, 
trajectories, provisioning, schedules, 
support requirements, software 
programming, contingency plans, crew 
selection, statistical data retrieval 
and analysis, security, etc. 

Ferry Kit Transport Aircraft avail- 
ability and assignments, consumables 
provisioning, spares provisioning, 

GSE assignments, recovery force 
planning, recovery site stockpiling, etc. 
Sustaining Engineering contracts. Payload 
User contracts, Range Support contracts, 
research and development consultation, 
consumables contracts. Logistics Support 
contracts, facility contracts, maintenance 
contracts, housekeeping contracts, supplies 
and expendables contracts, sub -contracting, 
etc. 

Spares and repair parts procurement, 
provisioning, receiving /inspection, storage, 
accountability, reliability and maintainability 
records, etc. 

Flight and ground crew training, proficiency 
testing, personnel records, mockup and 
simulator operations and services, health 
records, etc. 

Data acquisition, processing, storage, 
retrieval, and analysis as required per 
user request. 
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Budget &r Controls Business management of the Advanced 

Space Transport Program Operations. 
Budget requests support. Accounting. 
Program controls and procedures. Etc. 


IV, REFERENCES 
(To be added, ) 
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APPENDIX A 


LOGIC DIAGRAM CONNECTOR INDEX 


The trail of logic between WBS elements may be traced by using the 
alpha-numeric, input/output connectors and the following index as shown 
below: 


SAMPLE 


INPUTS 


WBS NO. /. 3, i- 
PAGE 3 OF •f' 

OUTPUTS ,^} 



.INPUTS 

j 

\ 

\ 

\ 
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WBS NO. /.Z.4 
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OUTPUTS 
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COWIPABISON 
TERs V§ CONVENTIONAL 
SCHEDULES/LOGIC 


HOLDOUT ERAME I 


APPENDIX B 

COMPARISON OF TER RESULTS WITH 
DETAIL SCHEDULE/LOGIC RESULTS 


Time Estimating Relationships intersect logic and schedules at those points indicated 
below and within the respective WBS elements. The points of intersection shown below are 
also Identified on those schedules and logic charts containing the particular TER event. 


TER Number 
8i Description 

Point 

WBS 

Particular 
TER Event 

7,6 

Total Program 



Phase C/D go-ahead. Note this point is 
Identified as "go-ahead" or "ADO" on 
logic and schedules. 


(1) 


Total program 96% airborne engineering 
design release. 


(2) 


Start detail fabrication. 


(3) 

4.5.3.0 0 
4.6.3 0.0 

Rollout first horizontal flight test 
vehicle. 

17.7) 

Horizontal Flight 
Test 

(4) 

4.5.6.0.0 
4.6 6.0.0 

Start horizontal flight testing. 


(5) 

4.5.6.0. 0 

4.6.6.0. 0 

Complete horizon^l flight testing, 
i.e , obtain sufficient data/confidence 
to commence vertical flight test phase 
vehicles 1 and 2. 

72 

Liquid Rocket 
Engines 



Go-ahead for the main engine contract. 
Note — This point precedes Phase C/D 
go-ahead and is not shown on logic or 
schedules. 


(61 

5 1 1.0.0 
5.3 1.0 0 

Completion of the first main engine test 
Note — This point and the inherent data 
contribute to the engine trade-off studies 
for both Stage 1 (5.3.1 .0 0) and Stage 2 
(5.1.1 0.0) 


EOLQOUT FSAML % 


i 

’I LEGEND 
i V STUDY DETAIL SCHEDULES 

1 A DETAIL SCHEDULES ADJUSTED 

1 I FOR ANTICIPATED GROWTH 

* AT 1.2 PER MONTH 

1 O TER RESULTS 

i : 

( MONTHS AFTER QO-AHEAD 





FOLDOUT FRAME 2. 




TER Number 
& Descrlotron 

Paint 

WBS 

Particular 
TER Event 


(71 

4.1 8.0 0 
4.2.8 0 0 

Single engine RPRT. Recall the logic 
displays this point admittedly redundantly 
for both Stage 1 {4.2.8 0 0) and Stage 2 
(4.1. 8.0.0). 


181 

4 1 .8.0.0 
4.2.8.0.0 

Single engine qualification testing complete. 
Same remarks as above. 

7.4 

Small Gas 
Turbine Engines 



Go-ahead for auxiliary power unit. Note - 
This point is not shown on logic or 
schedules. Includes 10 months for vendor 
selection. 


(9) 

1.3 6.0.0 
1 4600 

Qualification of auxiliary power unit as 
necessary to deliver units to program for 
Stage 1 (1.4.6.0.a) and Stage 2 (1 .3 6.0 0) 

7,3 

Avionics 



Phase C/D go-ahead. Note - This point is 
identified as “go-ahead^' or "AOO'' on 
logic and schedules 


(10) 

1.3.1043j0 

1.4.10.0-0 

Go-ahead to the vendor for the largest, 
most complex black box. 


(11) 

1.S.10.0.0 
1.4 10.0.0 

Receipt of the first black box for buildup/ 
assembly of the data management hardware. 


(12) 

1.3.10.0.0 
1 4.10 0.0 

Receipt of the last black box, thereby 
completing hardware buildup/assembly. 

7.3 

Avionics 



Phase C/D go-ahead. Note - This point is 
identified as '‘go-ahead" or "AOQ" on logic 
and schedules 


(13) 

1 38 0.0 
1.4.8.0.0 

Go-ahead to the vendor for the largest, 
most complex black box. 


(14) 

1 3.8.0.0 
1 4.8 0.0 

Receipt of the first black box for buildup/ 
assembly of the prototype guidance and 
navigation subsystem. 


(15) 

1.3.8.0.0 
1.4,8 0 0 

Receipt of the last black box, thereby 
completing hardware buTIdup/assembly 


^ LEGEND 

V STUDY DETAIL SCHEDULES 
A DETAIL SCHEDULES ADJUSTED 
FOR ANTICIPATED GROWTH 
AT 1.2 PER MONTH 

O TER RESULTS 

MONTHS AFTER GO-AHEAD 
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TER Number 
& Description 

Point 

WBS 

Particular 
TER Event 

7.1 

Structure 



Phase C/D go-ahead Note — This point is 
identified as "'go-ahead'^ or "AGO'' on logic 
and schedules. 


(16) 

1 3.2.0.0 
1.4.2.0.0 

95% structural engineering design release. 




Start detail fabrication. Note — This point 
does not appear on logic or schedules at 
the 5th WBS level; it does appear as {2) at 
program level. 


(17) 

4.3.2.0.0 
4 4.2.0.0 

Complete manufacturing and start assembly 
of structural test article. 


(18) 

4.3.2.0. 0 

4.4.2.0. 0 

Complete final assembly of structural test 
article 


LEGEND 


FOLDOUT, FRAME 


V STUDY DETAIL SCHEDULES 
A DETAIL SCHEDULES ADJUSTED 
FOR ANTICIPATED GROWTH 
AT 1.2 PER MONTH 
O TER RESULTS 


MONTHSAFTER SO-AHEAD 
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APPENDIX 

LIST OF ABBREVIATIONS, SYMBOLS, TERMS 
(GLOSSARY) 


A 


ABES Air Breathing Engine System, The turbojet 

engine system used on Stage I and Stage II 
for powered cruise and ferry flights. (See 
WBS Dictionary Elements 1.3. 4. 5, Stage IIj 
and 1.4.4, Stage I) 

ACPS Attitude Control Propulsion System (see 

also RCS). The propulsion assembly used 
to maintain vehicle stability or to enable 
attitude change while the vehicle is out of 
the sensible atmosphere. (See WBS 
Dictionary Elements 1, 3. 4. 4, Stage II, 
and 1,4.4, Stage I) 

ACT Acquisition, Control and Test (Unit), (See 

WBS Dictionary Element 1. 4, 10) 

A Life Cycle NASA program defined to de- 
sign, develop and produce manned, reusable 
two-stage vehicles whose missions will 
include delivering and/or retrieving GEE 
payloads to/from near earth space in support 
of manned orbiting space stations and space 
bases, experiments, developments, etc. In 
addition to vehicles, necessary ground 
support will also be developed and produced, 
including the neccessary data, software, 
training, facilities and investment to commir 
the Program to lO-year operations. At IOC, 
the Program is defined to follow a Traffic 
Model of flights and turnarounds and piovidcs 
the hardware, software, support and manage- 
ment to complete the designated Life Cycle. 

A & E Architectural & Engineering 

Air Vehicle The assembly of Stage I, Stage II and Payload 


Advanced Space 
Transport Program 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


AMPR /DCPR 
Weight 


APU 


ATC 


BIT 


Category I Testing 


Aircraft Manufacturers Planning Report/ 
Defense Contractor Planning Report - A 
vehicle weight which excludes the following 
items from empty weight: Wheels, Brakes 
Tires, Tubes; Engines; Rubber or Nylon 
fuel cells; Starters, Propellers: APU’s, 
Instruments, Navigation Equipment; Batteries, 
Conversion Equipment; Electrical and 
Flight Control Equipment; Turrets and 
Power Mounts; Air Conditioning, Pressuriza- 
tion, Anti-Icing; Cameras 

Auxiliary Power Unit (see WBS Dictionary 
Elements 1. 3. 6. 2, Stage II and 1. 4. 6, 

Stage I) 

Air Traffic Control (or Controller) 

Built-in Test. A capability designed into 
on-board equipment to enable it to be in- 
terrogated by the on-board computer for 
status checks prior to or during flight. 

May also include self-test and a means to 
perform manual checkout. 

(AFR 80-14) Subsystem Development Test 
and Evaluation. Consists of development 
testing and evaluation of the individual com- 
ponents, subsystems, and, m certain cases, 
the complete system. In addition to qualifi- 
cation, the testing provides for redesign, re- 
finement, and reevaluation, as necessary. 
Conducted predominantly by the contractor 
under (government) control. 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


Category II Testing (AFR 80-14) System Development Test 

and Evaluation. Consists of testing and 
evaluation spanning the integration of sub- 
systems into a complete system, and 
development tests of the completed system 
in as hear an operational configuration and 
environment as practicable. Suitable 
instrumentation will be employed to 
determine the functional capability and 
compatibility of subsystems. Category II 
is a (government) effort with contractor 
participation, under (government) control. 
Actual test operation and maintenance 
should be performed by (using agency) - 
personnel who have received formal system 
training. 

C Ec C Command and Control ■ 

I 

CCN Contract Change Notice 


( Remainder of Page Intentionally Left Blank. ) 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


Critical Design Review, A formal technical 
review conducted for each contract end item. 
Purpose is to determine acceptability of 
detail design, performance, test, and activa- 
tion characteristics depicted by the design 
solution specified in Part II Specifications. 
Establishes that recommended design adequately 
satisfies end-item design and test requirements, 
including interface with personnel, facilities 
and other system equipment. Critical Design 
Review establishes; (1) compatibility between 
the CEl and the Part I Specification; (2) 
compatibility between the CEI and the Total 
System; (3) Design Integrity by way of review 
of both analytical and test data; and (4) the 
agreed-to Part II Specification which is the 
basis for inspecting the "First Article". Upon 
the logic charts CDR's have only been identified 
at those points in software developments where 
at firm baseline is necessary against which to 
manage subsequent changes. Software, since 
it is used to checkout /verify the airborne/ 
ground systems, must have a baseline or "First 
Article" for software configuration control. 

Precise definition of CDR for hardware con- 
figuration items within the logic has not been 
possible because no logical point is available 
within the study confines to indicate the transi- 
tion from development to production. Without 
such a point, the logical placement of a First 
Article Configuration Inspection (FACI) could 
not be determined and the absence of a FACI 
point removes the requirement for a CDR. 
However, the earliest that a CDR could occur 
would be at that point during the qualification 
test prDgr^lm where (1) Part II Specifications 
would be complete or would be nearing com- 
pletion; and (2) sufficient considencc would 
have been acquired to permit the "cutting of 
metal" for qualification hardware. Calendar 
points reflecting these points have been identified 
on the detail calendar schedules. 
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LtlST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


CEI 

CFE 

Coefficient of 
Correlation 


Common Support 
Equipment 


Configuration (End) 
Item 

(also. Contract End 
Item, or Contract 
Item) 


CONUS 


Contract End Item (also, Cl - Contract Item) 

Contractor Furnished Equipment 

A pure number which expresses the degree 
of relationship between two variables. It 
varies between 0, when there is no correla- 
tion, and 1 or -1, when there is perfect 
correlation. Simply stated, it is a measure 
of how well the independent variables in a 
multiple regression equation explain variances 
in the value of the dependent variables. 

Maintenance equipment required to support 
Program operations but which is not directly 
involved in the operations, and which is 
common, i. e., presently in DoD or other 
government inventory in support of other 
systems or programs and which is available 
for use on subject programs. 

(MIIj-STD- 881 ) An aggregation of hardware/ 
software, or any of its discrete portions, 
which satisfies an end-use function and is 
designated by the government for configuration 
management. During development and initial 
production. Cl's (CEI's) are only those 
specification items that are referenced 
directly in a contract. Cl's (CEI's) are also 
any reparable item(s) designated for separate 
procurement during operations and maintenance 
(O & M) periods. 

Continental United States 


CRT 

CO2 


D & C 


Cathode Ray Tube 
Carbon Dioxide 
D_ 

Displays and Controls 
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LIST OF ABBREVIATIONS. SYMBOLS, TERMS - Continued 

(GLOSSARY) 


Depot Level 


Design Mission 


Design Release, 
Program ~ 95% 


Design Release, 
Structure - 95% 


Detail 


The level of maintenance representing lowest 
level maintenance performed on a removed 
end item, its modules, or components. If 
the faultv component or module contains re- 
parable parts, these parts are repaired in 
the depot. If the faulty part is a ^throw- 
away', a new part is installed in the com- 
ponent or module, checkout is performed, 
and the repaired component or module is 
sent back to Intermediate Level maintenance 
for use when required. (See Intermediate 
Level) 

(Phase B, Advanced Space Transport 
Program). The Stage II -mission which is 
the basis for Phase B design, and which, it 
is assumed, will remain unchanged for Phase 
C/D. This mission is a 100 nm due east 
circular orbit formed by insertion into a 
50 X 100 nni orbit, then circularizing. The 
Air Vehicle (Stage II, Stage I, and Payload) 
is considered to be launched from a latitude 
of 28.5 degrees north. (See also ’Reference 
Missions. ) 

That point in time when all documentation 
which requires fabrication of hardware 
components /elements for the initial con- 
figuration have been conveyed to the per- 
forming organization - normally manufactur- 
ing. 

That point in time when all documentation 
which requires fabrication of structural 
elements for the initial configuration have 
been conveyed to the performing organization - 
normally manufacturing. 

A single element part or drawing 
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LIST OF ABBREVIATIONS, SYMBOI^, TERMS - Continued 

^I^OSSARY) 


DD 250 


DIU 

DME 

DMGE 


DoD 


EAFB 

ECLS 

ECLSS 

ECS 

EMI 

Empty Weight 
(Dry Weight) 

Endoatmosphere 

EVA 


A government form and checklist, which 
when completed and signed off by the approved, 
requesting agency, represents end item 
delivery of a system or systems is satisfactory 
to the government. Following DD 25 0, end 
items, together with all necessary documenta- 
tion, can receive approval of all contract 
compliance and result- in an initial operational 
capability (IOC). 

Digital Interface Unit (See WBS Dictionary 
Element 1.3.10.5). 

Distance Measuring Equipment 

Depot Maintenance Ground Equipment (see 
GSE; also, see WBS Dictionary Element 3. 0 
and 8, 0). 

Department of Defense 


Edwards Air Force Base, California 

Environmental Control and Life Support 

. Environmental Control and Life Support 
Subsystem 

Envir onmental Control (and Life Support) 
Subsystem 

Electromagnetic Interference 

The dry weight of the vehicle including 
no useful load or payload. 

Inside the sensible atmosphere (See Exo- 
atmosphere). 

Extravehicular Activity 
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(GLOSSARY) 

Exoatmosphere 

Out of the sensible atmosphere. The 
specific altitude at which the sensible 
atmosphere ceases. For purposes of 
Stage II reentry, consider 300, 000 - 
400, 000 ft altitude as the reentry re- 
gime. For purposes of Stage I reentry, 
an altitude of 142, 700 feet is used. 


F 

FAA 

Federal Aviation Agency 

FCE 

Flight Control Electronics 

fps 

feet per second 

FSE 

Factory Support Equipment. Similar to 
Ground Support Equipment but non- deliverable 
(see WBS Dictionary Elements 1.3.1, 1.4,1 
and 3,3). FSE supports integration and 
assembly in handling, transporting, testing 
and servicing the prototype, flight test or 
production vehicle fabrication and test 
functions prior to and during rollout and 
delivery. 

FSN 

Fe’deral Stock Number 


F“Test A statistical method for determination of 

the degree of colinearity which exists be- 
tween candidate independent variables. The 
result of F-Tests allow selection of the "best" 
variable for use when colinearity between 
candidate variables exists. For example, 
installed thrust may show a strong relation- 
ship and therefore very little or no additional 
variation will be explained by using both 
variables rather than just one. 

FTV Flight Test Vehicle. An instrumented Stage 

(I or II) scheduled for a flight test program. 
For this study, FTVs are to retrofitted to a 
Production Vehicle at the end of flight test. 
(See Production Article) 
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(GLOSSARY) 


G & N 

GFE 

GHz 

GHz 

GO2 

GSE 


GSFC 

I & A 
ICD 


ILS 

IMU 


G_ 

Guidance & Navigation 
Government Furnished l^quipment 

I 

Gaseous Hydrogen 
Gaseous Nitrogen 
Gaseous Oxygen 


Ground Support Equipmejcit, i. e., peculiar 
and common end item ground hardware/ 
software required to support the airborne 
elements in an operating and maintenance , 
sense. Consists of operating ground equip- 
ment (OGE) and maintenance and depot 
maintenance equipment (MGE and DMGE], 
(See also FSE, ) GSE is contract-deliverable. 


Goddard Space Flight Center 


I 

Integration and Assembly 

Interface Control Document (or Drawing). 

A specification of the physical and functional 
interfaces between an end -item and other 
end -items which, due to the nature of the 
interface, requires formal control. May be 
both inter-vehicle and intra-vehicle and/or 
between ground equipment. 

Instrument Landing System 

Inertial Measurement(s) Unit 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


Integration and Assembly 

Intermediate (Field) 
Level 


I/O 

IOC 

^xx» ^yy» ^zz 

JP 

KSC 

KUTD 


(MIL-STD-881 ) The technical and functional 
activities associated with combining all other 
equivalent level hardware /software elements 
into a prime mission prodi^ct. 

T^e level of maintenance representing mainte- 
nance performed on the removed end item. For 
example, intermediate level maintenance on a 
vehicle end item (e.g., APU) represents the 
effort needed to determine which component 
or module of the faulty APU must be removed 
and replaced to bring the APU back to satis- 
factory operation. Testing/ will determine the 
faulty component or module. Replacement of 
the faulty component or module, followed by 
checkout, will verify that the APU is ready for 
return to the same or another vehicle when 
required. Otherwise, the KPU is "strapped" 
as OK and placed 'on the shelf for use when 
needed. The faulty component or module, if 
reparable, is sent to the next maintenance 
level for test, further maintenance, and check- 
out. (See Depot Level) 

Input f Output 

Initial Operational Capability 

Moments of Inertia in the X, Y, and Z planes 
of the Stage or Air Vehicle 


J 


Jet Fuel, i. e. , JP-4, JP-5 


A 

Kennedy Space Center 
Keep Up-to-Date 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

{GLOSSARY) 


LOG 

L/D 

Level I, II, III 
Requirement 

L/G 

LH^ 

Life Cycle 


Li OH 
LO2 
LOS 
Lot I 

Lot II 

LOX 

LUT 


Major Assembly 


Jk 

Launch Control Center 


Lift-to-Drag Ratio 

NASA requirements for the Advanced Space 
Transport Program resulting from develop- 
ment of Program, System, Subsystem, and 
support through Phase B. 

Landing Gear 


Liquid Hydrogen 


I 


The complete Program cycle, including 
RDT St E, Investment and Operations phases 
of the program. Equivalent to NASA Phases 
C (Design) and D (Developnpent and Operations). 

Lithium Hydroxide 

Liquid Oxygen 


Line of Sight 

The first set of detail and sub-assemblies 
usually cover test parts, prototype parts, and 
a flight test article 

The second set of detail and sub-assemblies 
cover follow-on flight test articles and pro- 
duction articles. 


Liquid Oxygen 

Launch Umbilical Tower (mobile) 

M 

An assembly such as a Wing, Aft Fuselage, 
etc. 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS •> Continued 

(GLOSSARY) 


MGE 

MlL-STD-881 

MLG 

MSC 

MSEC 

Multiple Regression 
and Correlation 


NLG 


Maintenance Ground Equipment (see GSE; 
also, see WBS Dictionary Element 3. 0 
and 8. 0) 

Military Standard, ’’Work Breakdown 
Structures for Defense Materiel Items” 

Main Landing Gear 

Manned Spacecraft Center (NASA, Houston) 

Marshall Space Flight Center 

A straight time of regression (projection 
of trend) does not always satisfactorily • 
describe the association between two 
variables. Frequently, the relationship 
is too complex to be described by means 
of a simple straight line (linear) and there- 
fore a curye must be used. The procedure 
of establishing linear or curve linear re- 
lationships between two variables is simple 
correlation analysis. In addition, fluctua- 
tions in a given series are seldom dependent 
upon a single factor or cause. The measure- 
ment of the association between such a series 
and several of the variables causing these 
fluctuations or associated with the dependent 
variable is known as multiple correlation. 

Multiple correlation consists of the measure- 
ment of the relationship or association be- 
tween dependent variables and two or more 
independent variables, This procedure is 
similar to that for simple correlation (one 
independent and one dependent variable) 
with the exception that other variables are 
added to the regression equation. 

ii 

Nose Landing Gear 


nm 


nautical miles 



LIST OF 


OEM 

OGE 

O/I 

O & M 
OMS 


Or ganizational 
Level 


Payload 


ABBREVIATIONS, SYMBOLS. TERMS - Continued 
(GLOSSARY) 

j0_ 

Original Equipment Manufacturer 

Operating Ground Equipment (See GSE; 
also, see WBS Dictionary Element Z, 0) 

Organizational and Intermediate Level 
(Maintenance ) 

Operations & Maintenance 

Orbital Maneuvering System. The on-orbit 
propulsion system used for circularizing 
Stage II after orbital injection, for translat- 
ing to a higher orbit, and for providing retro' 
thrust for Stage deorbit. (See WBS Dictionary 
Element 1 . 3 . 4. 3 ) 

The level of maintenance representing 
maintenance performed on the as -installed 
end item. For example, organizational level 
maintenance on a vehicle end item (e.g, , APU) 
represents the effort needed to verify a fault 
exists on the installed APU, removal and 
replacement of the APU in the vehicle, then 
checkout to verify the replaced APU satisfac - 
torily performs its intended function. The 
faulty APU is then sent to the next maintenance 
level for test, further maintenance and check- 
out. (See Intermediate Level, Depot Level) 

Z- 

A Government Furnished Equipment (GFE) 
package to be delivered to, or retrieved from, 
near-earth space by Stage II of the Space 
Transport Air Vehicle (see WBS Dictionary 
Element 1.2). 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


PDR 


Peculiar Support 
Equipment 

PFRT 
Phase B 
Phase C 
Phase D 


Preliminary Design Review. A formal 
technical review conducted for. each contract 
end item. Purpose is to evaluate the progress, 
consistency, and technical adequacy of tl’e 
selected design and test apSproach and establish 
compatibility with program requirements and 
preliminary design. Establishes Part I 
Specification, interface drawings, other Systems 
Engineering documentation, schedules and costs. 
Preliminary Design Reviews have been assumed 
to be convened on each Configuration (Contract 
End) Item sometime shortly after the start of 
Phase C/D. The period bejfcween Go-Ahead to 
PDR has been assumed to be spent finalizing 
Part I specifications and mockups and completing 
any tradeoff studies, analyses, or revisions to 
document /specification trees as might bo re- 
quired from Phase C/D negotiations. 

The PDR freezes physical ^nd functional inter- 
faces and establishes: (1) compatibility between 
Part I Specification and design approach; (2) 
integrity of the approach and design; and (3) 
design producability. 

Maintenance equipment, services and software 
which supports the Program operations but is 
not directly involved in the operations, and 
which IS peculiar to this Program. (See Common 
Support Equipment) 

Preliminary Flight Rating Test 

Definition Phase (NASA) 

Design Phase (NASA) 

Development and Operations Phase (NASA) 
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(GLOSSARY) 


Planform Area 


PMEL 

Production Article 


PRS 


Ramp Time 


Ratio-Systems Weight/ 
Empty Weight 


RCS 

RDT E 

Reference Missions 


The profile area of an air vehicle, or segment 
thereof. For an aircraft, Planform Area is- 
the area based on Top View viewing. For a 
missile, Planform Area is the area based 
on Side View viewing. 

Precision Measuring Equipment Laboratory 

A Stage (I or II) scheduled to go directly in- 
to the Operating phase of the Program. 

(See Flight Test Vehicle) 

Precision Ranging System 

Encompasses that activity between flight 
test vehicle rollout and its first flight such 
as preflight operations, systems checkout 
and verification, and taxi runs. (See WBS 
ID 4. 5. 3 and 4. 5. 4 for Stage II and WBS ID 
4. 6. 3 and 4. 6. 4 for Stage I. ) 

The number arrived at by subtracting the 
weight of the structural subsystem from the 
empty weight and dividing the remainder by 
the empty weight: 

Empfy Weight -Structure Weigh t 
Empty AV eight 

Reaction Control System 

Research, Development, Test and Evaluation 

(Phase B, Advanced Space Transport Program). 
The Stage II missions of major interest in 
addition to the Design Mission. These missions 
include: (a) a 100 nm south polar circular orbit 
(south polar mission), and (b) a 270 nm at 55 
degrees inclination orbit (resupply) mission. 
Insertion of reference missions will be from 
50 X 100 nm orbits. (See also Design Mission. ) 
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LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


RF 

RPP 


S/A 


SARP 


SAS 


SOU 


Radio Frequency 

Reinforced Pyrolized Plastic. A matrix 
of carbon cloth and resin, which when cured, 
results in a carbon-carbon material with 
high heat resistance. Used on vehicle leading 
edges and nose cap to resist ascent and re- 
entry heating loads for thermal protection 
of primary and secondary structure and 
internal subsystems. 

Subassembly. An assembled unit designed 
to be incorporated with other units in a 
product. 

The schedule portion of the Manned Space 
Flight Schedules as presented in OMSF 
Program Status Review documents. 

Stability Augmentation System. A Flight 
Control Electronics design concept used to 
blend Attitude Control Propulsion with Aero- 
dynamic Flight Controls during reentry from 
e'xo to endoatmo sphere in order to maintain 
stabilized vehicle control in this flight regime. 

System Control Unit (see WBS Dictionary 
Element 1.3.10.3). 


(Remainder of Page Intentionally Left Blank. ) 
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LIST OF ABBREVIATIONS. SYMBOLS, TERMS - Continued 

(GLOSSARY) 


SDR 


SE & I 
SPADATS 


System Design Review. A formal technical 
review conducted by the contractor when the* 
definition effort has progressed to the point 
where the program requirements and design 
approach are more precisely defined from 
among alternate design approaches, and the 
contractor has defined and selected the equip- 
ment, personnel, test, procedural data, and 
facilities required. As a product of this 
review, which is reviewed by the SPO, a 
technical understanding is to be reached on 
the allocation of requirements to (1) the 
system segments identified in the System 
Specification, and (2) the CEI's identified in 
Part I Detail Specifications. This review, if 
conducted late in Phase B or early Phase C, 
will provide the necessary basis for completion 
of preliminary design in Phase C. 

Systems Engineering & Integration 

Space Detection and Tracking System. A 
North American Air Defense Command System 
headquartered at Ent, AFB, Colorado, which 
monitors all space objects for SAC et al. 


(Remainder of Page Intentionally Left Blank. ) 
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(GLOSSARY) 


Specifications Use of the terms Part I and Part II (see below) 

presumes a two-step procurement of Con- 
figuration (Contract End) Items. The Part I 
specification is the first part of the Contract 
End Item Detail Specification and results 
from the Program Definition Phase (B). 

Part I specifies the requirements for design, 
development, and qualification. For purposes 
of this study, the Part I specification is con- 
sidered similar /identical to the Development 
Specification identified in MIL-STD-490. The 
Part II specification results from the design 
and development contract and specifies the 
detail product configuration and acceptance 
requirements of the item under the design and 
development contract. The Part II specifica- 
tion typically provides the basis again which . 
the "First Article" is accepted. Part II, for 
purposes’ of this study, is considered similar/ 
identical to the Product Function Specification 
identified in MIL-STD-490. 

Both Part I and Part II terms have been 
applied not only to Airborne Configuration 
Items but also to: 

-Integrated Checkout and Servicing GSE for 
"the Transport System (Stage I, Stage II and 
Payload) 

-Integrated 'Checkout and Servicing Software 
-On-Board Checkout Software 
-Integrated Checkout /Assembly Facilities 

No attempt has been made to distinguish 
Configuration (Contract End) Items and their 
specifications into such categories as 
Critical, Prime Item, Non-Complex, or 
Requirement Items. 

(Continued on Next Page) 


388 
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(GLOSSARY) 


Specifications 

(Continued) 


SRA 
Stage I 
Stage II 


Part I - The design statement specified by 
Systems Engineering for a required contract 
end item (CEI). Part I includes: the set of 
requirements; performance; CEI definition 
(interface requirements, government designa- 
tion); design and construction requirements; 
quality assurance provisions; Category I 
tests required; and Category II tests required. 
Part I Specifications are usually available for 
Preliminary Design Reviews (PDRs). 

Part II - The design statement specified by 
Design Engineering to satisfy the Part I 
specifications for a required contract end item 
(CEI). Part II is a repeat of Part I except to 
specify the "solution" which has been demon- 
strated by test to satisfy the requirements. 
(See Part I). Together, Part I and Part II 
form the CEI specifications for an end item 
which can be given to a manufacturer to 
produce the required end item as a contract 
deliverable. Part II Specifications are usually 
available for Critical Design Reviews (CDRs). 
When a first article is produced, it may be 
reviewed and approved in First Article 
Configuration Inspections (FACIs) to enable 
Category II (System) testing to proceed. 

System Requirements Analysis (see WBS 
Dictionary Element 5. 0). 

Boost stage of the Space Transport Air 
Vehicle (see WBS Dictionary Element 1.4). 

Orbital stage of the Space Transport Air 
Vehicle (see WBS Dictionary Element 1.3). 

(Remainder of Page Intentionally Left Blank. ) 
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(GLOSSARY) 


Stage I (or II) System 
Test and Check'out 
Specification 


Static Firing 

Structure Weight 

Systems Weight 

TBD 
TER 
T & H 
TPS 


A specification which integrates all system 
test and checkout requirements, criteria, 
safety, special test, recycle and support 
considerations into a single, controlled 
document for the development and conduct 
of system (Stage I or Stage II) test, checkout, 
and handling activities. The document 
specifies design and test configurations for 
airborne and ground subsystems and facilities 
associated with each system-level activity. 

A full power hold-down test of Stage I or 
Stage II on the launch pad to verify ascent 
capability prior to mated flight test. 

The weight of the structural subsystem 
including fuselage, wings, tail and landing 
gears. 

Empty weight less structure weight. 

To Be Determined 

Time Estimating Relationship 

Transportation & Handling (Equipment) 

Thermal Protection System. The materials 
and their configuration which covers and 
protects the Stage from ascent and reentry 
heating. 


(Remainder of Page Intentionally Left Blank. ) 
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(GLOSSARY) 


Traffic Model 


Transport System 
Test and Operations 
Plan 


Transport System 
Test and Checkout 
Specification 


Turnaround Facility 


TVC 


Type I Distribution 


A 10-year mission model generated by NASA 
to scope the expected number of flights needed 
to satisfy the Advanced Space Transport Program 
operational requirements. Currently, -^45 
flights are forecast beginning with 10 flights the 
first year and leveling off to 75 flights, each, 
in the 9th and 10th years. ^ 

A master plan that identifies overall test 
management philosophy, policy and major 
criteria /requirements relative to test and 
operational phases of the Transport System. 

The document provides thejtop planning within 
which Stage I and Stage II Test Plans may be 
developed and also serves to discipline the 
transition from test/development phase to 
Operational. 

A specification which integrates all test and 
checkout requirements, criteria, safety, 
special transport system test, recycle and 
supports considerations into a single controlled 
document for development and conduct of total 
transport system tests. The document provides 
the exclusive authorized basis for the prepara- 
tion and execution of all testing performed upon 
the transport system. (Stage I, Stage II, pay- 
load, and support ground systems) 

The facility, located at the launch and prime 
recovery site configured to receive, maintainand 
prepare Stage I and Stage II for the next mission . 
(See WBS Dictionary Element 11.0.) 

Thrust Vector Control. The. means to control 
thrust direction by either moving the nozzle 
(gimballed), or by deflecting the thrust gases, to 
achieve vehicle pitch or yaw. When nozzles are 
vectored asymnetically (opposite), roll is achieved. 
For purposes of this study, TVC means gimballing 
the nozzles using hydraulic actuators. 

A frequency distribution or histogram. 
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UHF 

USB 

VAB 

VHF 

VMSC 

VOR' 

VORTAC 

WBS 

WBS Dictionary 
WBS ID 


JUL 

Ultra -high Frequency 
Unified S-Band 


X 

Vertical Assembly Building. A facility for 
erecting and mating Stage I to Stage II, then 
mating the Air Vehicle to the Mobile Launch 
Umbilical Tower for movement to the launch 
£ad. 

Very High Frequency 

Vought Missiles and Space Company, LTV 
Aerospace Corporation (Dallas, Texas) 

VHF Omnidirectional Range 

VHF Omnidirectional Range /Tactical Air 
Navigation (Combination) 


W 


Work Breakdown Structure 

(VMSC) The compendium of WBS Dictionary 
Elements which, together, establish the 
complete set of- requirements needed to meet 
Program objectives 

Work Breakdown Structure Identification 


392 



LIST OF ABBREVIATIONS, SYMBOLS, TERMS - Continued 

(GLOSSARY) 


WBS Dictionary 
Element 


Work Breakdown 
Structure (WBS) 


W/T 

WTR 

^act 


(VMSC) A preliminary Part I Specification for • 
a Work Breakdown Structure element needed 
to satisfy one or more Program objectives. 

The element statement also contains a list of 
the next lower level elements, a functional 
description of the element, a set of design 
requirements (if applicable), the direct inter- 
faces with the element, and the tests (if applicable) 
which must be conducted during the development 
phase to ensure the element will meet require- 
ments. 

(NASA) A hierachy of levels of hardware oriented' 
(cost) packages. 

(MIL-STD-881 ) A product-orie.nted family tree 
composed of hardware, software, services and 
other work tasks resulting from Project Engineer- 
ing efforts during the development of a defense 
materiel item, and which completely defines the 
project/program. A WBS displays and defines the 
product(s) to be developed and produced and 
relates the elements of work to be accomplished 
to each other and to the end product. 

Wind Tunnel 

Western Test Range 

Y 

^actual actual time a previous hardware 

program required to complete a predetermined 
schedule milestone. (See Ygg^ ) 


(Remainder of Page Intentionally Left Blank. ) 
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(GLOSSARY) 


Ygg|.. ^estimate predicted time to complete 

a predetermined schedule milestone. This 
prediction is the output of a selected regression 
equation. Within this report Ygg-t; is used to 
present the estimated time required to complete 
a given schedule milestone for the Advanced 
Space Transport Program. Yggt is further 
used to compare to Yg^^t each program in 
the historical data base. As pointed out in 
Section 3, Introduction to Time Estimating 
. Relationships (TERs)r the multiple regression 
model has the capability of taking the indepen- 
dent, variables for each program in the his- 
torical data base, processing these variables 
through the selected estimating equation and' 
printing out a comparison matrix with how 
long the program actually took and 

what the .selected, equation predicted the 
program would have taken (Y^g^.). If the 
difference between Yg^^ and Yggj. is small, 
then the equation is further screened for 
potential deficiencies and may ultimately be 
used on estimating equation, (see Yg^.^ ) 

Vol. I 
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UNITED STATES 

DEPARTMENT OF THE INTCRIOR 

BUREAU OF OUTDOOR RECREATION 

LAKE CENTRAL REGION , 

3353 RESEARCH PARK DRIVE ' 

ANN ARBOR, MICHIGAN 48104 


April 27, 1971 



Mr. J, W, V^itters 
District Design Engineer 
State Highway Building 
Paris, Illinois 61944 

Dear Mr. Witters: 

We have revievjed the higin'jay plans for FAP 4ll in. Vermillion County, 
Project P-95“?00-69, which were sent us by your office. The freeway 
does not appear uo have anj’- effect on the recreational aspects of the 
Corps of Engineer's reservoir site near Georgetown, Illinois. We 
8pprecda,te your sending us these plans for review for possible effects 
on the recreational values of the proposed reservoir. 

Sincerely yours. 


EOm^ H. KDEKIWGS 
Regional Director 



y ‘ 

Robert H. Myers 
Acting 


1 


ID 
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Mr*. J, C. MilgreT/ 
District Engineer 
Division of Highways 
State' Office Building 
Paris , Illinois 61944 


Dear Mr*. Molgrew; 

This is in reply to your letter of 15 April 1971 concerning the design 
of Route FAP 411, Veraoilion County, .P--9 5 -700-69. 

Since the considered reservoir site (#12 Little Vermilion River) v/as 
not selected for the recommended, plan, for the Wahash River Basin Com- 
prehensive Plan, we would have no objections to the projosed road plan 
and design. 

We appreciate the opportunity to review the plans and your interest 
in the matter. 

Sincerely yours, 

W. E. lEEGAN 

I Chief, Planning Division 
CF: 

Bureau of Outdoor Recreation 
La]ie Central Region 
3853 Research Park Drive 
Ann Arbor, Michigan 48104 






Dear Mr. Mulgrew: 

In response to your request to analyze tlie affect of the 
proposed routing of supplementary freeway F. A. P. 411 on the 
environment we wish to address ourselves specifically to 
questions 4h(7) , (8), and (11) as follows: 

41d (7) "substantially alter the pattern of behavior for a 

species" — In view of the fact that the alignment will 
cross the Vermilion River Valley either over bottom 
cropland on the east or through relatively large-size 
suburban homes ites on the west, the inventory of wild- 
life in this valley consists principally of upland 
game birds, songbirds and small mammals who have already 
exhibited the capacity to co-exist with himan habitation, 
and the deer which use the river flood plain as a feeding 
corridor will still have unrestricted use of the river 
banks, we believe that there will not be any signifi- 
cant change in the activities of any of these species. 

^ * 

4b (8) "interfere with important breeding, nesting or feeding 

grounds" - There is no question about the fact that any 
species of wildlife who has been accustomed to pur- 
suing the above activities directly in the path of the 
freeway will have to select a satisfactory substitute 
area. This "inconvenience" will be temporary and will 
not affect any significant quantities of wildlife. 

4b (11) "disturb the ecological balance of a land or water area"- 
As with all projects involving a disturbance of the land 
cover (even a new one family dwelling) there will admit- 
tedly be some affect on the eco-system. However, we 

^ 12 


**to assure our people permanent access to their outdoor heritage” 





J. C. Mulgrew - 2 ~ June 17, 1971 

wish to stats emphatically that these disruptions will 
be of minor consequence and in no way would cause 
permanent or significant damage to the food chain in 
the area. As no water course will be altered by the 
project, no comment is necessary. 


RNP :lw 


Sincerely yours. 



Ronald N. Pennocic 
Executive Director 
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Social, Economic, Environmental 
and Engineering Influences. 


Supplemental Freeway F.A.P. 411 
Vermilion County V2, V3, V4, V5 
Rural Trunk (3) Highway 


"ATTACffi'ENT ONE" 



Design Report 
FAP 411 


PURPOSE 


The purpose of tlvis study is to determine the most acceptable 
alignment for FAP 411, from juet north of the Vermilion County Airport 
south to the Little Vermilion River near Georgetom. This select*/? 
line is the one which displays the laost favcTfable combination of elements 
considered; while the cost is of prime Importance, consideration 

must also be given all social, economic, and environmental determinants 
within the study area. T'Jhen these goals are met the result is a multi-lane 
freeway which maximizes safety, convenience, and service and minimizes 
cost, disruption, and relocation. 


2 
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STUDY LlIilTS' 


On the basis of facts collected during the corridor study and as 
a result of public hearings the Illinois Division of Highways recosmended 
that the Federal Highway Administration approve corridor ”S ’ (see 
attached map) . Approval was received from the Federal Highway Adminis- 
tration by letter --lay 11, 1970. 

The 1969 Bond Issue which was to have financed the Supplemental 
Freeway System was declared unconstitutional. After this development, a 
short segment was proposed for study in the Danville Urban Area. Tliis 
length extended from just north of the Vermilion County Airport south ta 
the Little Vermilion Siver near Georgetotm (see attached map). 
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STUDY DEVELOPMENT 


In the beginning of the Design Study it was necessary to assemble 
the various base data which would supply the information as to limiting 
factors and service points. This data consisted of utility locations, Indus 
trial and commercial business activities, geotechnic reports, land otmer- 
ship, traffic analysis, drainage data, school and fire district maps, 
aerial mapping and photography and U.S.C. & G.S. Topographic naps of the 
area. 


In combining this information on a common base map it was possible to 
project various alignments which would meet various service and design 
standard requirements and be acceptable from a standpoint of disruption. 

Since interchanges provide the service potential between the local communities 
and the freeway it is logical to set these points in conjunction with the 
functionally classified sj'stera, land use, and traffic projections. Controls 
such as public usage of land, disruption and cost features that would 
influence the location of the interchange on the cross road were established. 

Interchange type studies were then made to determine the type of 
interchange that would most satisfactorily handle the traffic demands, fit 
the topographical features and be compatible with present and future land 
usage of the area. 

Vertical and horizontal alignment possibilities were calculated with 
the aid of the computer from 5' contour aerial topographic mapping. Size 
and location of drainage structures, right-of-way limits, roadv?ay 'geometries 
and miscellaneous items ware designed for each alternate to facilitate a 
realistic cost comparison. 

The preliminary estimate of cost for the 18 mile project is about 
$35,000,0.00. 
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IKTBRCLIAIIGE LOCATION DESIGN 


The design of an interchange is priiaarlly dependent upon the analysis of 
traffic and the natural and man-made features that impose limitation as to 
size, shape and nhysical location. 


FAS 501 (Poland Road) 


An interchange on Poland Road will serve the northern and northeastern 
sectors of Danville quite efficiently in addition to offering- excellent 
service to the Vermilion County Airport. Through an analysis of the project 
traffic it became evident that a standard diamond interchange would adequately 
meet the projected traffic demands with the upgrading of Poland Road. Due 
to the development west of the airport, the number of displacements that 
would be made necessary and the engineering design complexity that would 
ensue due to Stony Creek, BovTman Avenue and the Norfolk & Western Railroad, 
a location east of the Airport tms selected, in an interview with Wr. L. P. 
Dirch, P.E., the Vermilion County Airport Engineer, he pointed out that a 
location east of the Chicago, liilwaukee, St. Paul and Pacific Railroad vculd 
not affect any future expansion of the airport, as the railroad is on a fill 
through this area and FAA regulations require 25’ clearance on approaches 
over a railroad and 15’ clearance over a highway. By selecting a location 
approximately 1-1/2 miles east of the point of intersection of the Chicago, 
liilwaukee , St. Paul and Pacific Railraod and Poland Road, the diamond inter- 
change would be built without a portion of it on the structure crossing over 
the Penn Central Railroad. 


G. E. 34 (Voorhees St.) 

C, H. 34 is functionally classified as a iflnor Arterial. An interchange 
will offer extremely good service to the Industrial sector of Danville. In 
addition, it -5^111 offer service to the population concentration of the north 
and northeast portion of the city. Its location was dictated by the presence 
of dense development west of the Chicago, iiilwaukee, St. Paul and Pacific 
Railroad and to allo^z sufficient room for grovrtih in all four interchange 
quadrants. It was located far enough east of the railroad and west of the 
curve to allow development of a full interchange and the development of land 
adjacent to it in keening with good planning practices. 

Due to canacity problems with a standard diamond and the heavy south 
to ^?est dirctional traffic a four quadrant parclo type 3 is proposed at this 
location. 


U.S. 136 (Nain Street) 


IT.S. 135 is functionally classified as a liinor Arterial. An interchange 
at this point will offer good service to the eastern portion of Danville which 
will serve the traffic generated by industrial, commercial, and Danville 
Junior College uses. 
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Two alifnment possibilities are depicted at U.S. 136. A very tight 
condition exists at this location as the area which is conducive for inter- 
change development is bounded on the x-^est by Lick Creek and on the east by 
the structures carrying the Chicago , Milxvtaukee, St. Paul and Pacific P.ailroad 
and Central Eastern Illinois Railroad (L & K) across U.S. 136. In addition a 
cemetery is located at approximately the third point of the distance betvjeen 
these tv7o controls. 

After considerable study it X7as determined that the eastern location 
x?as not feasible for interchange development. Uue to the limited amount of 
space between the cemetery and the railroads coupled x^ith cbe intersection 
of FAS 503 (BreX'Ter Road) a very hazardous condition would be created without 
majjor work being done on the railroad viaducts and a major relocation of 
Brewer Road. 

A compressed diamond xms therefore developed for the west location which 
adequately satisfies the demands of traffic and can be developed to minimize 
the disruption to the area. 


F.A.I. 74 


Due to the high type (full cloverleaf) interchange that is required 
betx^een FAP 411 and FAI 74, the location limitations dictate a location at 
the point of Daisy Lane extended and FAI 74. This x7ill allow adequate space 
between the Brewer Road structure and Lick Creek for the development of the 
interchange. A location east of the Chicago, Milxjaukee , St, Paul & Pacific 
Railroad was explored as a possibility but was discarded due to the limited 
amount of space between the railroad and the Lynch Spur interchange on 
FAI 74, 


FAS 504, C.H. 6 (Perrysville Road) 


FAS 504 is functionally classified as a collector. In the beginning 
there x^as some question of the desirability of this interchange from the 
standpoint of reduction of service on the freeway due to its close proximity 
to the FAI 74 interchange and user justification. A request from the Danville 
Planning Commission and the Vermilion County Planning Commission brought about 
the need for more study at this site. 

An interchange at this location X70uld definitely be an asset to further 
land use development south of FAI 74, 

The area bounded by FAI 74 on the north and the Big Vermilion River on 
the X7est has been fragmented from the Danville Urban Area by the artificial 
barrier of FAI 74. This area together with a portion of the area west of the 
river have historically interacted with each other. Due to the river crossing 
location and the local road network, these areas together, total approximately 
tx7enty-one hundred acres. The disjunction of this area was created by the 
interchange types xfrhich were developed on FAI 74. Tx70 interchanges, Lynch Spur 
and BoxTman Avenue, adequately serve the area to the north of FAI 74. Since 
these interchanges are trumpet types, development is restricted to the immediate 
south. An interchange located south of FAI 74 V70uld thus provide transportation 
potential to this area for north-south as xrell as east-x^est trip ends. 
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An analysis was made first to determine the effect it would have on the 
operational level of the freeway and the FAI interchange. Through this 
analysis it was determined that due to the iow~^7sa.vlnp volumes the interchange 
would not reduce the operational level of the freeway. 

A cost benefit analysis was performed to determine the warrant for an 
interchange at this point. A B/C of 4.3 v^as found which is evidence that 
the cost saved by the user makes the capital investment in the interchange 
publically profitable. 

It was decided that an Interchange on both alternate alignments be 
taken to the public hearing as design alternates to HB structure. The final 
recommendation would depend upon the social and environmental factors as 
brought forth by the local citiaens at the hearing. 


FAS 505, C.H. 5 (WestVille Connection) 


FAS 505 is functionally classified as a collector and with upgrading 
will serve a major role as a connecting link between the population center 
of Uestville and the industry of Danville. 


This area has undergona inteusivo mvlorpvounc <>nal mining over the past 
one hundred years. Because of these mining activities a to-c eider able amount 
of time was spent in analyzing the mine mapping of the area; Drill teat 
data x?as gathered and field exploration trips were made. During the field 
exploration the soil boring cxeu made deep borings in this area to determine 
locations for H3 structures that had not been under -mined. 

The structure location of the eastern alternate ^;as bored to depths of 
162% and 160 feet. Coal deposits were not encountered in these borings. 

(During the test borings, water circulation was not lost and drilling resistance 
was good.) Since this is well below the anticipated depth of the #6 coal, it 
was determined that coal is absent from this location because of a "pinch-out". 

The fact that subsidence will not be a problem, is a strong point for 
this location. There are additional factors to which consideration must be 
given such as displacement of dwelling units, disruption of the local road 
system, angular severance of property, and possible reduction of signal 
reception, to a CATV receiving station. 

A preliminary line was studied in this area which would have interchanged 
with C.H. 5 approximately 3/4 mile closer to iJestville. 

This preliminary line had the disadvantage of having its structure 
located over a mined-out area which would cost additional money for foundation 
treatment and additional long terra maintenance cost due to roadway subsidence. 

In addition to the cost picture there is the matter of safety to the 
traveling public. Greater utility adjustment costs will be accrued due to 
the relocation and adjustment of a lateral feed line to Westville from the 
Panhandle and Eastern Pipeline. 
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This preliminary line did have some positive attributes which are as 
follows ; 


1 . Fe^7er displacements , 

2. Less adjustment necessary to the local road system. 

3. Upgrading of C.H. 5 is shortened by 3/4 mile, 

A compressed diamond would be necessary to prevent major interferences 
to the mainline of the Panhandle and Eastern Pipeline and its apourtenances 
and to bring about the reduction of displacements. 

Due to the soils problem which exists, and the accompanying costs and 
safety problem, this preliminary line was discarded , and the single line ^■Tith 
Its standard diamond interchange utilized. 


C.H, 23 (Georgeto^m Connection) 


C.H, 23 is functionally classified as an Area Service higteray and an 
interchange at this location will operate similarly to the Westville inter- 
change. Hot only will it load and unload trips between the population center 
of Georgetown, and the industrial and commercial center of Danville, but it 
will also serve a high number of recreational trips generated by Forest Glenn 
Preserve located northeast of Georgetown, 

Traffic studies of this uxua that a diamond interchange V7ill 

be sufficient. A comp*oooed diamond was utilized at Lnx>a i-<s> aXxow 

for development o£ land in all four quadrants of the interchange and as an 
economic measure due to utility adjustment costs. The interchange is bordered 
on the east by a large Panhandle and Eastern Pipeline and on the ’t:est by a 
stream. 
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ALIGin'IENT IIIFLUSNCES 


After selecting the interchange points which were rather restrictive, 
especially in the immediate Danville area, alignment possibilities were 
studied to connect these locations in keeping with the followings 

1- intorrupticm, fco the local road network. 

2 . Design desideratum as adopted by the Illinois 
Division of Highways and approved by the Federal 
Highway Administration. 

3. Restrictive Land Use. 

4. D^zelling unit relocation. 

5. Property severance. 

6. Angular severance. 

7 . Public grounds . 

8. Natural and controlled eco-systems. 


V-II 

V-II extends from south of the Georgetown interchange to just south of 
the Westvilie interchange. Between C.H. 23 and T.R. 367 the section line was 
followed which furnishes an avenue with a Iott number of property severances. 

From T.R. 367, FAP 411 curves to the east to avoid a CATV tower and makes the 
connection with the Westvilie interchange t/hlch is located at the most 
westerly point in which subsidence due to coal mining will not be a problem. 

V-III 

From the Westvilie interchange FAP 411 utilized gentle curvilinear 
alignment to make the best use of the topographic features of the well 
established drainage pattern of the Big Vermilion River Valley. Man-made 
features such as the development at Grape Creek, the C. & E.I. Railroad 
meandering up the valley floor, corridor boundary limitations imposed by the 
University of Illinois radio telescope and the historical site of Kygers 
Mill all served as influences which restrict the alignment possibilities together 
with high water elevations and crossing points on the Big Verailion River. 

Just north of the river crossing the two alternate alignments utilized 
test variables encountered in remaining either east or west of the development 
of Daisy Lane. The west location forms a barrier between the Vermilion Hills 
Golf Course and the present development and necessitates an HB structure on 
the east-west portion of Daisy Lane. 

The east location tends to retain a larger area of development property 
adjacent to the Country Club which from the standpoint o£ proscnt rotamunity 
values would seemingly be the most advantageous. 
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V-IV 


V-IV continues on these two aXternates to a point just south of the 
interchange of FAI 74 and FAP 411 and continues through the interchange on a 
single alignment possibility. Just north of this interchange two alternates 
are again utilized to gain passage through a very critical area of development. 
A CATV tov7er on the west , a cemetery on TJS 136 , and a series of railroads 
are the most critical considerations. The eastern alternate possesses much 
more desirable geometric features, but since its point of intersection with 
US 136 is in such close proximity to the cemetery, two railroad viaducts and 
the intersection of Brewer Road (C.H. 4) an interchange at this point would 
not be feasible. 

The western alternate utilizes curvilinear alignment to Intersect US 136 
at a point in which an interchange can be developed, and continues northward 
to the interchange point trith Voorhees Street (C.H. 34) which is in close 
proximity to the eastern alternate. Both converge to a single alignment 
just north of the interchange with Voorhees Street (C.H. 34) at the terminal 
point of Section V-IV. 


V-V 


The single alignment continues northward from the Voorhees Street inter- 
change on the section line, avoiding dwelling unit displacements, to the Poland 
Road interchange which is located east of the Airport at such a distance as 
to not interfere with glide path requirements of present and anticipated 
runway lengths. It is also located in such a manner away from the conver- 
gence of the Penn Central Railroad and Poland Road (CH 29) as to allow for 
full development of a diamond interchange. Horth of the interchange curvilinear 
alignment is then utilized to make a westerly adjustment which will have 
less disruption to the local road network and give a more favorable crossing 
angle on the Stony Creek structure. 
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ROAD CLOSURES 


During the early route planning process special emphasis was placed in 
locating in such a manner as to create the least amount of disruption to 
the local road system and to recover interruption to traffic flow patterns. 

In certain instances it is necessary to close selected roads due to 
their adverse location or their Incompatibility with the level of service 
provided. In the case of a fully access controlled freeway such as FAR 411 
it is neither practical nor economically feasible to provide a grade crossing 
structure or Interchange at each local road or street. In our study it has 
been determined that TR 387, TR 345 and TR 181A will be closed. The following 
is a discussion of some of the considerations leading up to this decision. 
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V-II 


Bug 
feasible 
a longer 
crossing 
feasible 


to the proximity of TR 387 and TR 3S5 it xrould not be practical or 
to provide a grade crossing structure at each. Since TR 385 provides 
continuous route of access east and \ 7 est to fans markets and a grade 
of TR 387 would be compounded with a stream crossing, it seems more 
to close TR 387 and provide a grade crossing with TR 385. 


V-III 

Due to the proximity of the interchange with CK 5 and the low traffic 
generated on TR 345 it would not be practical or feasible to provide a 
grade crossing. 

However, due to the seasonal flooding condition that exists on the 
eastern portion of TR 345, and the necessity of providing all weather access 
to the development east of TAP 411, an access road along the east section 
line of Section 4 connecting FAS 505 to TR 345 is proposed. 

The portion of TR 345 lying west of FAP 411 will be connected to 
CH 5 by means of a relocation of the TovTOship Road. 


V-V 


Due to the proximity of TR 181A and the interchange of FAP 411 with 
Poland Road and east-^rest continuity of TR 181A being interrupted by the 
Vermilion County Airport expansion, it would not be practical or feasible to 
provide a grade crossing structure. 
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ACCESS CONTROL 


The continuity o£ the local road network is usually maintained by the 
construction of grade separation structures. Occasionally, a local road 
serves such a minor role in the total local system, that it can he closed. 
It is necessary to study mail routes, school bus routes, fire districts, 
local maintenance facilities, present and future land use and the traffic 
patterns of the area to determine if the cost of the structure is less than 
the benefits derived. 
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FIRE DISTRICTS 


The alternate alignments pass through several Fire Protection Districts 
with similar effect. Some additional travel time for fire fighting equipment 
would be required to certain properties. This has been kept to a minimum. 

In other cases s the travel time has been decreased . 

We therefore conclude that there will be no overall significant deterimental 
effect to fire protection efficiency in the area as a result of the freeway. 
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SCHOOL DISTRICTS 


The alternates pass through several school districts with equal disruption. 

Because of the random location of rural students most roads must be 
traveled twice daily for collection and distribution. School bus routes 
change almost yearly due to student senescence. 

We therefore conclude that there is no signi^-cant -detrimental effect to 
the school districts as a result of the freeway- 

It is felt that the freeway will cre<tce a positive impact on the commuter 
oriented Danville Junior CnlJoffe as ready access will be provided by the 
US 136 (Main St.) Inte*^change. 
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FAP 411 

Vermilion County 
V2, V3, V4, V5 


Preliminary Family and Business 
Relocation Reoort 


The proposed alignments were designed to miss as many homes as possible, 
and selected for this reason. About 30 families may require relocation by 
this 13 mile project. They will be compensated and given relocation 
assistance in order to find similar housing nearby. A relocation comparison 
will be made between alternate alignments. A relocation study is now in 
progress by the Bureau of Right-of-Way . The results of these studies will 
be attached to the final report. 
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FAP 411 

Vermilion County 
V2, V3, V4, V5 ' 


Preliminary Rl^ht-Of-Way and Access P.,eport 


This IS mile project will require a strip of land about 300' wide. 

It will also require additional ri^ht-of-way for interchanges and cross 
structures. The total right-of-way reouired t^ill be about 950 acres. 

Access versus damage studies are being made for about 25 snail parcels 
averaging 15 acres in size. Three parcels are landlocked. The cost of an 
access road. Including damages by building the road, are being compared to 
appraised damages for the total property without an access road for the 
present owner. Recommendations will be subject to right-of-way negotiations. 

Right-of-way requirements are now being appraised for cost estimates 
and alignment comparisons to be included in the final report. 

Major access features are shocim on the project map, "attachment four". 
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STATS CONSTRUCTION SPECIFICATIONS 
COKCER1HNG SOIL, WATER AND POLLUTION EXCERPTED FRO'i: 

STAITDAPD SPECIFICATIONS FOR ROAD & BRIDGE CONSTRUCTION 
ILLINOIS DIVISION OF HIGIPTAYS, 1971. 

104.07 Final Cleaning Up. Before final acceptance, all borrow pits and 
ground occupied by the Contractor in connection with the work shall be 
cleaned of all rubbish, excess materials, temporary structures, and equipment, 
and all parts of the work shall be left in a neat and presentable condition. 

SECTION 107. LEGAL RELATIONS AND 
RESPONSIBILITY TO PUBLIC 

107.01 Laws to be Observed. The Contractor shall at all times observe 
and comply with all Federal and State laws, local laws, ordinances, and 
regulations which in any manner affect the conduct of the work, and all 
such orders or decrees as exist at the present and which may be enacted 
later, of legislative bodies or tribunals having legal jurisdiction or authority 
over the work, and no plea of misunderstanding or ignorance thereof will 
be considered. He shall indemnify and save harmless the State and all of 
its officers, agents, employees, and servants against any claim or liability 
arising from or based on the violation of such law, ordinance, regulation, 
order, or decree, whether by himself or his employees. 

107.07 Federal Aid Provisions. I^hen the United States Government 
pays all or any portion of the cost of a project, the Federal lav;s and the 
rules and regulations made pursuant to such laws must be observed by the 
Contractor, and the work shall be subject to the inspection of the appropriate 
Federal agency. 

Such inspection shall in no sense make the Federal Government a party to 
this contract and will in no way interfere with the rights of either party 
hereunder . 

107.08 Sanitary Provisions. There shall be no discharge of sewage 

onto the surface of the ground. When a sev/erage system is desi«med to discharge 
effluent to a stream or water course, the owner shall obtain a permit for con- 
struction and operation from the State Sanitary Water Board. 

If sanitary facilities are required on construction sices, they shall be 
connected to a public sevrer system if avillable, or to a septic-tanl: system or 
systems if water carriage Collets are Installed, ^i/hen water carriage toilets 
are not installed, the site shall be provided with approved type pit privies. 

Any system shall be such that all waste is disposed of without creating a public 
nuisance or health hazard and in accordance with Illinois Department of Public 
Health Circular No. 815 or Educational Health Circular No. 4.001. 

The Contractor shall also comply with all rules and regulations of the 
Federal, State, and local health department, and shall take precautions to 
avoid creating unsanitary conditions. 

107.13 Bridges over Navigable Waters. All work on navigable waters 
shall be so conducted that free navigation of the v;ateinjavs will not be inter- 
fered with and that the existing navigable depths will not be Impaired except 
as allowed by permit Issued by the U. S. Army Corns of Engineers. 

107.18 Use of Fire Hydrants. If the Contractor desires to use water from 
hydrants, he shall make application to the proper authorities, and shall conform 
to the munlcapal ordinances, rules, or regulations concerning their use. 

"ATTACHMENT FIVE" 
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Fire hydrants shall be accessible at all tines to the Fire Department. No 
material or other obstructions shall be placed closer to a fire hydrant than 
permitted by municipal ordinances , rules , or regulations , or within 5 feet of 
a fire hydrant, in the absence of such ordinances, rules or regulations. 

107.19 Protection and Restoration of Property. If corporate or private 
property interferes x^ith the work, the Contractor shall notify, in writing, 

the owners of such property, advising them of the nature of the Interference and 
shall arrange to cooperate with them for the protection or disposition of such 
property. The Contractor shall furnish the Engineer with copies of such noti- 
fications and with copies of any agreements between him and the property oxmers 
concerning such protection or disposition. 

The Contractor shall take all necessary precautions for the protection 
of corporate or private property, such as walls and foundations of buildings, 
vaults, underground structures of public utilities, underground drainage faci- 
lities, overhead structures of public utilities, trees, shrubbery, crops, and 
fences contiguous to the work, of which the contract does not provide for 
removal. The Contractor shall protect and carefully preserve all official 
survey monuments, property marks, section markers, and Geological Survey Monu- 
ments, or other similar monuments, until the ovraer, or an authorized surveyor or 
agent has witnessed or otherwise referenced their location or relocation. The 
Contractor shall notify the Engineer of the presence of any such survey or 
property monximents as soon as they are discovered. 

The Contractor shall be responsible for the damage or destruction of 
property of any character resulting from neglect, misconduct, or omission in 
his manner or method of execution or nonexecution of the work, or caused by 
defective work or the use of unsatisfactory materials, and such responsibility 
shall not be released until the work shall have been completed and accepted 
and the requirements of the specifications comolled with. 

Whenever public or private property is so damaged or destroyed, the 
Contractor shall at his own expense, restore such property to a condition 
equal to that existing before such damage or Injury was done by repairing, 
rebuilding, or replacing it as may be directed, or he shall otherwise make 
good such damage or destruction in an acceptable manner. If he fails to do so 
the Engineer may after the expiration of a period of A3 hours after giving him 
notice in writing proceed to repair, rebuild, or otherwise restore such property 
as may be deemed necessary, and the cost thereof shall be deducted from any 
compensation due, or which mav become due, the Contractor under his contract. 

107.20 Protection and Preservation of Aboriginal Records and Antiquities. 
The Contractor shall take reasonable precaution to avoid disturbing aboriginal 
records and antiquities of archaeological, paleontological, or historical 
significance. No objects of this nature shall be disturbed without written 
permission of the Engineer. When such objects are uncovered unexpectedly, the 
Contractor shall notify the Engineer of their presence and shall not disturb 
them until written permission to do so is granted. 

If it is determined by the Engineer, in consultation with the Illinois 
State Museum, that exploration or excavation of aboriginal records or antiqui- 
ties, on land otraed or leased by the State is necessary to avoid loss, the 
Contractor shall cooperate in the salvape work attendant to preservation. If 
the Engineer determines that the salvage work will delay the Contractor's work, 
an appropriate extension of contract tine will be granted. 

107.21 Forest Protection. In carrying out work within or adjacent to 
State or National Forests, the Contractor shall comply with all regulations 
of the State Fire ?Iarshal, Conservation Commission, Forestry Department, or 
other authority having jurisdiction, governing the protection of forests an 
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he carrying out of work within forests, and shall observe all sanitary laws 
and regulations with respect to the performance of vjork in the forest areas. 

He shall keep the areas in an orderly condition, dispose of all refuse, obtain 
permits for the construction and maintenance of all construction camps, stores, 
warehouses, residences, latrines, cesspools, septic tanks, and other structures 
in accordance with the requirements of the Forest Supervisor. 

The Contractor shall take all reasonable precaution to prevent and 
suppress forest fires and shall require his employees and subcontractors, 
both independently and at the request of Forest officials, to do all within 
their power to prevent and suppress and to assist in preventing and suppres- 
sing forest fires and to make every possible effort to notify a Forest official 
at the earlles possible moment of the location and extent of any fire seen by 
them. 


107.26 Contractor's Responsibility for Utility Property and Services. 

At points where the Contractor's operations are adjacent to properties of 
railroad, telegraph, telephone, and power companies, or are adjacent to other 
property, damage to which might result in considerable expense, loss, or in- 
convenience, work shall not be commenced until all arrangements necessary for 
the protection thereof have been made. 

The Contractor shall cooperate with the o^mers of any underground or 
overhead utility lines in their removal and rearrangement operations in order 
that these operations nay progress in a reasonable manner, that duplication of 
rearrangement work may be reduced to a minimum, and that services rendered by 
those parties will not be unnecessarily interrupted. 

In the event of interruption to water or utility services as a result of 
accidental breakage or as a result of being exposed or unsupported , the Con- 
tractor shall promptly notify the proper authority and shall cooperate with 
the said authority in the restoration of service. If water service is in- 
terrupted repair work shall be continuous until the service is restored. No 
work shall be undertaken around fire hydrants until provisions for continued 
service have been approved by the local fire authority. 

107.30 Protection of Streams, Lakes and Reservoirs. The Contractor 
shall take sufficient precautions to prevent pollution of streams, lakes, and 
reservoirs with fuels, oils, bitumens, calcium chloride, or other harmful 
materials. He shall conduct and schedule his operations so as to avoid or 
minimize siltation of streams, lakes and reservoirs. VThere, in the opinion 
of the Engineer, the land has a high potential for erosion the areas that can 
be exposed by construction operations at any one time will be subject to approval 
by the Engineer and the duration of the exposure of the uncompleted construction 
to the elements shall be as short as practicable. Erosion control features 
shall be constructed concurrently with other work as directed by the Engineer. 

201.05 Protection of Trees and Shrubs. All trees and shrubs designated 
to be saved shall be protected during clearing and subsequent construction 
operations. Overhanging limbs shall be trimmed or cut off to provide a minimum 
vertical clearance of 20 feet from the finished surface of the roadbed. This 
shall be considered as clearing. 

In the event that any tree or shrub designated to be saved is damaged 
by the Contractor, such plants shall immediately be repaired or replaced as 
directed by the Engineer in accordance with standard horticultural practice 
for such work, at the Contractor's expense. All wound surfaces of one inch or 
more dlan^ter shall be treated with a commercial pruning compound. 

202.03 Removal and Disposal of Surplus, Unstable and Unsuitable Materials. 
When permitted all trees and brush that car. be destroyed by burning shall be 
disposed of within the right of way at locations designated by the Engineer in 
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such a manner that public or private property will not be damaged or endangered, 
rio burning of surplus materials will be permitted in or near areas designated 
as natural scenic areas that are to remain undisturbed. Prior to starting 
excavation operations, existing oiled earth or bituminous surfaces shall be 
broken into pieces not to exceed 6 Inches in largest dimension, and the larger 
material either embedded in embankments or disposed of as hereinafter specified. 

iJherever possible, stones and boulders occurring within the right of way 
shall be placed in embankments in layers and compacted, in accordance with 
Section 207. All stones, stumps, boulders, broken rock, broken concrete and 
related materials that cannot be placed in the embankment shall be disposed of 
at locations designated by the Engineer within the right of way; in borrow 
sites on or adjacent to the right of way or at other locations outside the 
right of way. These materials shall be burled under a minimum of 2 feet of 
earth cover. These materials shall be disposed of in a neat, orderly 
manner and shall not create an unsightly condition. Disposal methods shall not 
change or alter the natural topographic features of an area without written 
permission from the Engineer. 

Surplus excavated material, including excavated material from sewer 
trenches, catch basins, or other underground construction, shall be used to 
widen embankments, flatten slopes, or be disposed of otheirrise within the right 
of way as the Engineer may direct. It shall in no case be deposited at an 
elevation higher than that of the adjacent roadway without permission from the 
Engineer. If it cannot be used or disposed of within the limits of the right 
of way, it shall be disposed of by the Contractor at his expense, outside the 
limits of the right of way. 

All unstable and unsuitable material, including excavated material from 
sewer trenches, catch basins, or other underground construction shall be 
excavated or removed and replaced with material acceptable to the Engineer. 
Unstable and unsuitable material shall not be used in embankments. If unsuit- 
able material is present at or below the finished grade, it shall be removed 
and replaced with suitable material, in accordance with Section 213. Unless 
otherwise provided in the plans or special provisions , unstable and unsuitable 
material shall be disposed of by the Contractor at his expense, outside the 
limits of the right of way. 

The manner of disposal of surplus excavated material, unstable and un 
suitable material by the Contractor outside the right of way limits, shall be 
subject to the approval of the Engineer, and shall be such as will not create 
an unsightly or objectionable appearance or detract from natural tooographic 
features. The Contractor shall obtain and file with the Engineer permission in 
writing, from the property owner, for the use of the property for this purpose. 

If surplus excavated material, unstable and unsuitable material is dis- 
posed of within the rlpht of wav but outside of the balance point in which it 
occurs, overhaul will be paid for in accordance with Section 206. 

202.07 Drainage. The roadway shall be maintained so that it will be well 
drained at all times. If, during the prosecution of the work, it is neces- 
sary to Interrupt existing sewer or underdrainage, temporary drainage facilities 
shall be provided until the permanent drainage work has been completed. Such 
temporary drainage facilities shall be provided until the permanent drainage 
work has been completed. Such temporary drainage facilities will be paid for 
in accordance with the provisions of Article 109.04, unless othen/lse provided 
for in the contract. 

The Contractor shall be responsible for, and shall take all necessary 
precautions to preserve and protect all existing tile drains , sewers , and 
other sub-surface drains or parts thereof which may be affected by his oper- 
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flt'foas, and which, may be continued In use without change. He shall repair at 
his ovm expense any and all damage to such drainage facilities resulting from 
uagllgence on his part. 

204.02 Borrow Pits General. Unless othen^lse provided, borrow excavation 
shall be furnished by the Contractor. The Contractor shall furnish and pay for 
all borrow sites or other sources of borrow and obtain from the property owners 
the necessary agreements for the removal of the excavated material. Borrow 
excavation shall not be placed in the embankment until the site location, exca- 
vation plan and material have been approved by the Engineer in writing. 

Under no conditions shall borrow sites detract from the appearance of the 
natural topographic features nor Increase the potential hazard to a vehicle 
that has Inadvertently left the roadway. In selecting sites for borrow acquisi- 
tion, preference shall be given to knobs, hills, and rises to reduce the extent 
of pit development. No portion of any borrovr pit shall be located within 50 feet 
of any highway right of way except when borrow is obtained above pavement eleva- 
tion. In order to Insure an aesthetically acceptable borrow site, the steepest 
slopes used in excavating borrow shall be 4:1, except as provided in Article 
204.04. 

Borrow pits shall not change the general pattern of existing drainage 
and shall be well drained unless suitable for development as ponds or lakes. 
Pertinent drainage information shall be shown on the excavation plan or 
topographic map submitted by the Contractor. 

Borrot^ sites shall be seeded in accordance with Section 642. The class of 
seeding and the application rate of fertilizer nutrients and/or ground lime- 
stone shall be determined by the Engineer. If the proposed borrow site is to 
revert to agricultural purposes, the Contractor shall submit to the Engineer a 
written statement from the owner that seeding will not be required. All work 
in connection with seeding at borrow sites will not be paid fro separately but 
shall be considered as incidental to the contract unit price per cubic yard for 
Borrow Excavation. 

501.13 Preservation of Channels. Unless othen-jise specified, the natural 
stream bed adjacent to the structure shall not be disturbed without permission 
from the Engineer. No excavated material shall be placed in stream channels 
without permission of the Engineer, and then only upon condition that final 
disposal of the material will be made in such manner that there will be no 
obstruction of the channels. If any excavation is made in stream channels 
outside the area to be excavated for the structure, the Contractor shall, without 
extra charge, backfill all such excavations to theorioinal ground surface or 
bed of stream with material satisfactory to the Engineer. 

Within the limits of the right of way, excavated material, brush, logs, 
and debris of any nature, shall be removed for the full length of the structure, 
so that the area will present a neat appearance and so that there will be no 
obstruction to the flow of the stream. 


SECTION 609. WATER MAIN 

609.01 Description. This x^ork shall consist of constructing water main 
of the required material and inside diameter. 

609.02 Materials. Materials shall be as shown on the plans and in the 
special provisions and approval therefor shall be obtained from the Illinois 
Environmental Protection Agency as provided under the Environmental Protection 
Act. 
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609.03 Construction Requirements. Installation methods shall conform to 
the manufacturers recommendations for the type of pipe belnp installed X'd.th the 
follov/ing exceptions: 

(a) Excavation and Foundation. The applicable reauirenents of Article 

603.04 shall govern the performance of this work. 

(b) Requirements for the Protection of Water Mains from Sewers. The 
requlraments of the Illinois Department of Public Health shall 
govern the horizontal and vertical separation of water mains from 
sewers . 

(c) Backfilling. The applicable requirements of Article 603.00 shall govern 
the performance of this work except that backfilling shall not be 

done in freezing weather without written permission of the Engineer, 
and it shall not be made with frozen material. No backfill shall be 
made where the material already in the trench is frozen. 

Backfilling around joints shall not be made until the hydrostatic 
tests have been made and any leaks have been repaired. 

609.04 Hydrostatic Tests. Hydrostatic tests shall be performed in 
accordance with Section 13 of the American Water Works Association Specifi- 
cations, Designation: AWIA C600. The water main shall be subjected to the 
hydrostatic pressure and leakage tests specified in the special provisions. 

Water for making the hyrdrostatic and leakage tests shall be furnished by the 
Contractor at his own expense and shall be of satisfactory bacteriological 
quality for drinking purposes. 

609.05 Disinfection of Water Main. Upon completion of the newly laid 
water main, the water main shall be disinfected in accordance with the Ameri- 
can Water Works Association, Procedure Designation: AT7WA C601. 

When a Sanitary District or municipality has jurisdiction of a sanitary 
sewer or water service line, the work shall be performed as prescribed by the 
Sanltairy District or municipality and shall meet the approval of its Engineer. 

642.06 Seeding Methods. No seed shall be sown during high winds or when 
the ground is not in a proper condition for seeding, nor shall any seed be 

sovm until the purity test has been completed for the seeds to be used, and shows 
that the seed meets the noxious weed seed requirements . The Engineer shall 
examine and then approve any equipment to be used. Prior to starting work, 
seeders shall be calibrated and adjusted to sow seeds at the proper seeding 
rate. Equipment shall be operated in a manner to insure complete coverage of 
the entire area to be seeded. The Engineer shall be notified 48 hours prior to 
beginning the seeding operations so that he may determine by trial runs that a 
calibration of the seeder will provide uniform distribution at the specified 
rate per acre. When seed or fertilizer is applied with a hydraulic seeder, 
the rate of application shall be not less than 1000 gallons of slurry per acre. 
This slurry shall contain the proper quantity of seed or fertilizer specified 
per acre. When using a hydraulic seeder the fertilizer nutrients and seed 
shall be applied in two separate operations. 

Within 12 hours all seeded areas, including slopes 3 to 1 or flatter, 
shall be rolled at right angles to the run off with an approved type roller or 
cultlpacker to compact the seed bed and place the seed in contact with the soil. 
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Slopes steeper than 3 to 1 need not be rolled. Rolling of the seed bed prior 
to the mulching operation will not be required when mulching is done by 
Method I and a mulch stabilizer is used to anchor the mulch. On slopes steeper 
than 3 to 1 mulch shall be applied in accordance with Section 643. On areas 
seeded with a hydraulic seeder, rolling shall not be required. 

The optimum depth for seeding shall be 1/4 inch. 

All legumes (clover, vetch, lespedeza, and alfalfa) shall be Inoculated 
with the proper bacteria in the amounts and manner recommended by the manufac- 
turer of the Inoculant before sowing or being mixed with other seeds for sowing. 
The Inoculant shall be furnished by the Contractor and shall be approved by 
the Engineer. The seed shall be sown as soon as possible after inoculation 
and seed that has been standing more than 5 hours after inoculation shall be 
reinoculated before sowing. If legumes are applied by hydro seeder, 3 times 
the normal amount of Inoculant shall be used. The Contractor shall furnish 
the Inoculant and the cost of furnishing same shall be Included in the contract 
unit price per acre for Seeding of the class specified. 

(3) All plant material, including collected stock, shall comply with the 
State and Federal laws with respect to inspection for plant diseases 
and Insect infestation. An inspection certificate, required by law 
to this effect shall accompany each shipment and on arrival the 
certificate shall be filed with the Engineer. 

717.02 Sod. The sod used shall be approved grass that is native to the 
locality of work. It shall be either nursery grown or field grown and be well 
rooted and approved by the Engineer prior to being cut and again before it is 
laid. Sod that has been gro\m on soil high in organic matter such as peat will 
not be acceptable. The consistency of adherent soil shall be such that it will 
not break, crumble, or tear during handling and placing of the sod. 

Each piece of sod shall be well covered with turf grass , shall be free 
from noxious weeds and other objectionable plants, and shall not contain sub- 
stances injurious to growth. The grass shall be cut to a length of not less than 
1 1/2 Inches nor more than 4 Inches before the sod is cut. The sod shall be 
cut in rectangular pieces with its shortest side not less than 12 inches. The 
sod shall not be cut less than 1 inch thick. This thickness measurement does not 
include grass. 

All sod used shall comply with the State and Federal Laws with respect to 
inspection for plant diseases and insect infestation. An inspection certificate, 
required by Law to this effect, shall accompany each shipment and on arrival 
shall be filed with the Engineer. 

717.03 Seeds. This specification covers grass, legume, and other plant 
seeds used for planting highi^ay shoulders, medians, slopes, and other areas 
required by the plans, specifications, and special provisions. 

(a) Sampling and Testing. The seeds shall be sampled and tested in 
accordance with the requirements of the U.S. Department of Agri- 
culture Service and Regulatory Announcements No. 156, Rules and 
Regulations Under the Federal Seed Act of August 9, 1939, Issued 
March 1940, reprinted with amendments August 1963 or any current 
revisions. 

717.04 Top Soil. Top soil shall be relatively free from large roots, 
sticks, weeds, brush, or stones larger than 1 inch in diameter or other litter 
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• enci waste products. It shall be a loamy mixture having at least 90 per cent 
passing the No. 10 sieve. A sample, free from extraneous materials, shall 
comply with the following requirements: 

It shall contain not less than 1 per cent nor more than 10 per cent 
organic matter as determined by the test for organic matter In accordance 

• with AASHO T 194. 

. It shall contain not less than 12 per cent nor more than 50 per cent 

clay as determined In accordance with AASHO T 88. 

The sand content shall not exceed 55 per cent as determined In accord- 
ance with AASHO T 88. 

The pH of the saranle shall not be lower than 5.0 nor higher than 8.0. 

The PH shall be determined with an acceptable pH meter, on that portion 
of the sample passing the No. 10 sieve. In accordance with the '•'Suggested 
Methods of Tests for Hydrogen Ion Concentration (pH) of Soils" Included 
In the procedures for Testing Soils Issued December, 1964 by the Ameri- 
can Society for Testing and Materials. 

717.05 Mulch Material. Mulch material for seeding and planting shall be 
non-toxic to vegetation and to the geirmlnatlon of seed and shall be approved 
by the Engineer. 

(a) Seeding. Mulch material for seeding shall be free from the noxious 
weeds and weed seeds listed In Note 2 Group A of the table In Arti- 
cle 717.03(d). 

(1) Straw. Straw shall be stalks of wheat, rye, oats, or other ap- 
proved straw, and shall be alr-drled. 

(2) Hay. Hay shall be obtained from fields of timothy, red top, 
mature brome grass, or other mature grasses, or from other 
sources approved by tha Engineer. It shall be alr-drled. 

(b) Planting. The tyne of mulch material for planting shall be speci- 
fied in the Special Provision or on the plans and shall be approved 
by the Engineer. 

717.06 Agricultural Ground Limestone. Agricultural limestone shall 
meet the follov/ing requirements: 

Ground limestone containing all of the finer particles obtained in the 
grinding process and ground sufficiently fine so that no less than 
80 per cent will pass through a No. 8 sieve. The calcium carbonate 
equivalent must be at least 80 per cent. One or both must be greater 

• than 80 so that the multiplication of the per cent of calcium carbonate 
equivalent by the per cent of material passing through the No. 8 sieve 
will be equal to or in excess of 0.72. The moisture content at the 

' time of shipment must not exceed 8 per cent. 

• 717.07 Fertilizer. Fertilizer shall be ready raised material of an 
analysis specified on the plans or as directed by the Engineer. In cases 
where a single nutrient Is requested, unless otherwise specified, the analysis 
will be optional, provided that it carries sufficient filler to insure adequate 
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diatrlbutlon of the nutrient. 

The following information shall be shovrn on the fertilizer bag or pack- 
^36 or on a tag attached thereto: 

1. Name and address of inanufacturer . 

2. Name, brand or trade mark. 

3. Number of net pounds of ready mixed material in the 
package. 

4. Chemical comoositlon or analysis. 

5. Guarantee of analysis. 

If a brand or grade of fertilizer is delivered in the bulk, a written 
statement having the above listed Information must accompany each load. 

Custom mixed fertilizers shall have a written statement containing the 
following Information with each load: 

1. Weight of each commercial fertilizer used in the custom nixing. 

2. The guaranteed analysis of each commercial fertilizer used in the 
custom nixing. 

3. Total weight of fertilizer delivered in each load. 

4. The manufacturer of each of the commercial fertilizers used in 
the custom mix. 

5. Guaranteed analysis of each load to be stated as folloxrs: 

1. Per cent ot total Nitrogen (N) 

2. Per cent of total available Phosphoric (P 2 O 5 ) 

3. Per cent of total Soluble Potash (K 2 O) 

6 . Name and address of the person selling the fertilizer. 

717.08 Peat Moss. Peat moss shall conform to the following requirements: 

(a) Peat moss shall be partially decomposed fibrous or cellular stems 
and leaves of any of several species of sphagnum mosses, and shall 
conform to the following requirements ; 

(1) Texture and Composition. Its texture nay vary from porous 
fibrous to spongy fibrous, and it shall be either crumbly or 
compact, but fairly elastic and substantially homogeneous. It 
shall be free from decomposed colloidal residue, excessive woody 
materials (roots and stems), and mineral matter such as iron and 
sulphur. It shall be essentially dark brown in color. Shred- 
ded particles shall not exceed 1/4 inch in size. 

(2) Acidity. The pH value shall be not less than 3.2 and not 
greater than 5.5, at approximately 25°C. 

(3) Ash. The ash content, based on the oven-dry weight of the 
material, shall be not more than 5 per cent. 

(4) Water Holding Capacity. The water holding capacity shall be not 
less than 300 per cent, by weight, on an over-dry basis. 

(b) Sampling. A test sample weighing at least one pound shall be taken 
from each 50 ton lot or fraction thereof. Such samples shall be taken 
6 Inches belox'/ the surface of one or more bales, thoroughly mixed, 
and placed in a clean, dry, air-tight metal container or in a strong 
plastic bap, sealed, and forwarded to the testing laboratory. 
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(c) Testing. The samples shall be tested in accordance with the require- 
ments of Article 4.5 of the Federal Specifications for Peat Moss; 
Peat, Humus; and Peat, Reed-Sedge, Q-P-166e, of the issue in effect 
on the date of invitation for bids. 

(d) Packing. Unless otherwise specified, the air-dried peat moss shall 
be packed in bales of the type, size and kind commonly used. Damag- 
ed bales will not be accepted. 

The peat moss shall be packed in the bales at a compression ratio 
of at least 2 to 1. Each bale shall be clearly marked with the type 
of peat moss, the brand name, the countrv of origin, the cubic feet 
compressed size, the compression ratio used, and the approximate 
weight of the bale. In the absence of such marking, each shipment 
shall be accompanied by a certificate stating the desired informa- 
tion. 

717.09 Special Erosion Control Materials. 

(a) Jute Matting. Jute matting shall be of plain, uniform open weave of 
nev; (unused), and unbleached single jute yarn. The yam shall be of 
a loosely twisted construction and shall not vary in thiclmess by 
more than one-half its nonnal diameter. 

The matting shall comply with the following specifications: 


Width, Inches, plus or minus 1 in 48 

Warp, ends per width of cloth 78 

Weft, ends per lineal yard 41 

Average weight per lineal yard , pounds , plus or 

minus 5 per cent 1.22 

Length of roll, feet, approx 225 


The jute matting shall be made smolder resistant by treating at least one 
side with non-leaching and non-toxic chemicals. The smolder resistant 
treatment shall be non-toxic to vegetation and to the germination of 
seed and shall not be injurious to the hands in placing the matting. 

The treated matting shall withstand the following tests: 

The leaching resistance shall be made in accordance with Federal 
Specifications CCC-T-191b, Method 5830, except that the continuous 
flow of water to the bottom of the container shall be at a rate of 
about five changes per 24 hours. The matting snecimen, air dried 
from the leaching test, shall not flame or smolder for more than a 
distance of 12 Inches from spot where a lighted cigarette is placed 
on the treated surface of the matting. 

Certification. The manufacturer shall furnish a certification with each 
shipment of jute matting, stating the number of rolls furnished and that 
the material complies with the requirements of the specifications. 

(b) Excelsior Blanket. Excelsior blanket shall consist of a machine 
produced mat of wood excelsior of 80 per cent eight inch or longer 
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fiber lenpth. The wood from which the excelsior is cut shall be pro- 
perly cured to achieve adequately curled and barbed fibers. 

The blanket shall be of consistent thickness, with the fiber evenly 
distributed over the entire area of the blanket. The excelsior 
blanket shall be covered on the top side with a 3 inch by 1 inch leno 
weave, twisted kraft paper yarn nettlnip; having a high wet strength. 

The netting shall be entwined with the excelsior mat for maximum 
strength and ease of handling. 

The excelsior blanket shall comply with the follov/lng specifications : 


Width, Inches, plus or minus 1 inch 36 48 

Weight per square yard , pounds , 

plus or minus 5 per cent 0.8 0.8 

Length of roll, feet, approximately 150 180 


The excelsior blanket soecimen shall not flame or smolder for more 
the follc«7ing test: 

The excelsior blanket specimen shall not flame or smolder 
for more than a distance of 12 Inches from a spot wliere a 
lighted cigarette is placed on the surface of the blanket. 

Certification. The manufacturer shall furnish a certification with 
each shipment of excelsior blanket stating the number of rolls 
furnished and that the material complies with the requirements of 
the specifications. 

(c) Staples. Staples shall be made from No. 11 gage or heavier wire, 
width 1 or 2 Inches at the throat and 6 inches from top to bottom 
after bending. The staples shall be packaged in cartons. 

BITUMINOUS EQUIPMENT. Ilot-’iix Plant. The plant shall be equipped with 
an approved dust collecting system. The collected dust shall be stored 
in an approved hopper other than the dust collector. 


11 


58 


SPECIAL PROVISION 
FOR 

TEMPORARY PROJECT WATER POLLUTION CONTROL (SOIL EROSION) 

Effective July 1, 1970 

This Special Provision supercedes Article 107.30 of the Standard Specifications 
for Road and Bridge Construction. 

Description ; This work shall consist of erosion control measures ordered 
by the Engineer during the life of the contract to control water pollution, 
through use of berms, dikes, dams, sediment basins, fiber mats, netting, 
gravel, mulches, grasses, slope drains, and other erosion control devices 
or methods. 

Any temporary pollution control provisions ordered bv the Engineer shall be 
coordinated with the permanent erosion control features specified elsewhere 
in the contract to the extent practical to assume economical, effective and 
continuous erosion control throughout the construction and postconstruction 
period. 

Materials ; 

A. Mulches may be hay, straw, fiber mats, netting, wood cellulose corn or 
tobacco stalks, bark, corn cobs, wood chips, or other suitable material 
acceptable to the Engineer and shall be reasonable clean and free of 
noxious weeds and deleterious materials. 

B. Slope drains nay be constructed of pipe, fiber mats, rubble, portland 
cement concrete, bituminous concrete, plastic sheets, or other materials 
acceptable to the Engineer that will adequately control erosion. 

C. Grass shall be a quick growing species (such as rye grass, Italian rye 
grass, or cereal grasses) suitable to the area providing a temporary 
cover which will not later compete with the grasses sown later for 
permanent cover. 

D. Fertilizer and soil conditioners shall be a standard commercial grade 
acceptable to the Engineer. 

E. Others as specified by the Engineer. 

Preconstruction ; At the preconstruction conference or prior to the start of 
the applicable construction, the contractor shall submit for acceptance his 
schedules for accomplishment of erosion control work, as are applicable 
for clearing and grubbing; grading; bridges and other structures at water- 
courses; construction; and paving. He shall also submit for acceptance his 
proposed method of erosion control on haul roads and borrow pits and 
his plan for disposal of waste materials. No work shall be started until the 
erosion control schedules and methods of operations have been approved by 
the Engineer. 

Construction Requirements ; The Engineer has the authority to limit the sur- 
face area of erodlble earth material exposed by clearing and grubbing, the 
surface area of erodlble earth material exposed by excavation, borrow and 


fill operations and to direct the contractor to provide immediate permanent 
or temporary pollution control measures to prevent contamination of adjacent 
streams or other watercourses, lakes, ponds, or other areas of water Impound- 
ment. Such work may involve the construction of temporary berms, dikes, 
dams, sediment basins, slone drains, and use of temporary mulches, mats, 
seeding or other control devices or methods as necessary to control erosion. 

Cut slopes shall be seeded and mulched as the excavation proceeds to the 
extent considered desirable and practicable. 

The contractor will be required to incorporate all permanent erosion control 
features into the project at the earliest practicable time as outlined in 
his approved schedule. Temporary pollution control measures will be used 
to correct conditions that develop during construction that were not foreseen 
during the desirm stage; that are needed prior to installation of permanent 
pollution control features ; or that are needed temporarily to control erosion 
that develops during normal construction practices, but are not associated 
with permanent control features on the project. 

Where erosion is likely to be a problem, clearing and grubbing operations 
should be so scheduled and performed that grading operations and permanent 
erosion control features can follow Immediately thereafter, if the project 
conditions permit; otherwise temporary erosion control measures may be 
required betvreen successive construction stages. Under no conditions shall 
the surface area of erodlble earth material exposed at one time by clearing 
and grubbing, exceed 40 acres or portion of the project such as an interchange 
or structure, until satisfactory temporary erosion controls are provided, 
unless otherwise approved by the Engineer. 

The Engineer may limit the area of excavation, borrow and embankment operations 
in progress commensurate with the contractor’s capability and progress in 
keeping the finish grading, mulching, seeding, and other such permanent 
pollution control measures current in accordance with the approved schedule. 
Should seasonal limitations make such coordination unrealistic, temporary 
erosion control measures shall be taken immediately to the extent feasible 
and justified. 

Under no conditions shall the amount of surface area of erodlble earth material 
exposed at one time by excavation, borrow or fill within the right-of-way 
exceed 40 acres or portion of the project such as an Interchange or structure, 
until satisfactory temporary erosion controls are provided, unless otherwise 
approved by the Engineer. 

If to accomplish pollution control the Contractor is reaulred or elects to 
seed the slopes using the permanent or final seeding outlined in the contract, 
he may request, in accordance with the requirements of Article 105.14(a) 
of the Standard Specifications, an inspection be made and if satisfactorily 
completed be relieved of further responsibility for the maintenance of the 
slopes and seeding. 

The Engineer may increase or decrease the amount of surface area of erodlble 
earth material to be exposed at one time by clearing and grubbing, excava- 
tion, borrow and fill operations as determined by his analysis of project 
conditions . 

In the event of conflict betv^een these requirements and pollution control 
laws, rules or regulations of other Federal or State or local agencies, the 



n;ore restrictive laws, rules, or regulations shall anoly. The Contractor 
c-hall take sufficient precautions to prevent pollution of streams, lakes, 
and reservoirs with fuels , oils , bitumens , calcium chloride or other harmful 
materials. 

'tethod of -leasurement and Payment ; In the event that temporary erosion and 
pollution control measures are required due to the contractor's negligence, 
carelessness, or failure to Install permanent controls as a part of the work 
as scheduled, and are ordered by the Engineer, such work shall be performed 
by the contractor at his own expense. Temporary erosion and pollution con- 
trol work required, which is not attributed to the contractor's negligence, 
carelessness or failure to Install permanent controls , will be performed as 
ordered by the Engineer. 

\'/here the work to be performed is not attributed to the contractor's negli- 
gence, carelessness or failure to install permanent controls and falls within 
the specifications for a work Item that has a contract price, the units of 
work shall be paid for at the proper contract price. Should the work not be 
comparable to the project work under the applicable contract Items, the con- 
tractor shall be ordered to perform the work in accordance with Article 109.04 
of the Standard Specifications . 

In case of repeated failures on the part of the contractor to control erosion, 
pollution, and/or siltation, the Engineer reserves the right to employ outside 
assistance or to use his own forces to provide the necessary corrective meas- 
ures. Such Incurred direct costs plus project engineering costs will be charged 
to the contractor and appropriate deductions made from the contractor's 
monthly progress estimate. 

Pollution control may Include construction work outside the right of way where 
such work Is necessary as a result of roadway construction such as borrow pit 
operation, haul roads and equipment storage sites. 

The erosion control features Installed by the contractor shall be acceptably 
maintained by the contractor. 

SUPPLE* !FITAL SPECIFICATION 
FOR 

HOADWAY EXCAVATION 
Effective July 1, 1971 

This Supplemental Specification amends the provisions of the Standard 
Specifications, adopted January 2, 1971, and shall be construed to be 
a part thereof superseding any conflicting provisions thereof appli- 
cable to the work under the contract. 

202.03 Removal and Disposal of Surplus , Unstable and Unsuitable 
*teterlals . Substitute the following paragraph for the first t\ro 
sentences of this article: 

"The Contractor at his expense shall dispose of all surplus, unstable 
and unsuitable materials including those which result from the work 
included in Section 201 in such a manner that public or private property 
will not be damaged or endangered." 
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